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ABSTRACT 


A number of $-bromo- and B-iodohydroperoxides were prepared and 
reactions of these compounds with silver acetate were studied. Sev- 
eral 1,2-dioxetanes, formed during these reactions, were isolated in 
25 - 35% yields and the chemistry of these compounds was investigated. 

It was found that the 1,2-dioxetanes isolated were eee 
at moderate temperatures, yielding carbonyl compounds arising from 
cleavage of the 1,2-dioxetane ring. A kinetic study of the thermoly- 
sis of several 1,2-dioxetanes was carried out; it was found that the 
thermolysis obeyed first-order kinetics over two to three half-lives. 
Activation parameters were calculated for four dioxetanes. 

A section is included in this work concerning the many reported 
syntheses of 1,2-dioxetanes which have appeared in the literature in 
recent years. These reports are discussed in the light of present 
knowledge of dioxetane chemistry. A supposedly general synthesis of 
1,2-dioxetanes via the ozonation of olefins was investigated in some 
detail; it was concluded that simple dioxetanes could not be prepared 
by this method. 

Finally, an investigation was carried out concerning the nature 
and yields of the electronically excited carbonyl fragments generated 
on thermolysis of 1,2-dioxetanes. Luminescence measurements from 
fluorescer containing solutions of tetramethyl-1,2-dioxetane 4 in- 
dicated that the yields of excited singlet and excited triplet acetone, 


generated by thermolysis of this compound, are 0.3% and \V 100Z, 
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A possible use for 1,2-dioxetanes, as secondary liquid light 


standards, is discussed. 
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INTRODUCTION 


The synthesis of 1,2-dioxetanes, represented by the general 
structure I, has been the subject of recent intensive studies. Much 
of the interest in this family of high energy compounds stems from 
the belief that such materials are critical intermediates in many, 


chemiluminescent reactions. 
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Chemiluminescence was observed from the compound known as lucigen as 
long ago as 1935; this dimethylbiacridinium salt is cleaved to N- 
methylacridone when treated with hydrogen peroxide and base. The 
reaction gives off a bright light which McCapra has shown to be 
emitted from the excited singlet state of the predic ta The pro- 
posed intermediate in this reaction is the cyclic four-membered 


peroxide shown below. 


Cleavage of the 1,2-dioxetane produces a product molecule in 


the excited singlet state. 
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Light is also produced when oxalyl chloride or oxalate esters 
are treated with basic hydrogen peroxide in the presence of fluor- 
escer molecules such as ranean eta Rauhut has obtained good evidence 
that the critical intermediate in this reaction is the cyclic per- 


oxide 3,4-dioxo-1,2-dioxetane, 1. 


00 


XCCX + H,0, + base + rubrene > 2 CO. 2 Xe hv 


X = Cl, O-R etc. 


[re 


xk 
Ose _fec2? + rubrene + (complex) > 2 co, + rubrene 


[eH 


* 
rubrene ~> rubrene + hv 
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a-Peroxylactones of general structure II have been suggested 
as intermediates in many bioluminescent systems. Work by Weteee: 
MeCapras and others has shown that, in the presence of luciferase 
and oxygen, luciferin (shown below as the anhydride derivative) is 
converted into the amide shown and CO. 5 light is emitted during the 
reaction. White and McCapra simultaneously suggested that light 


was produced by decomposition of an intermediate cyclic peroxide. 
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CoPoR post hess N N 
Sn oa 
Neeeornie | S S 
HO HO’ 
+ co, + hv 
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1,2-Dioxetanes have also been proposed as intermediates in 
reactions of singlet oxygen and related reagents with certain types 
of olefin to account for the cleavage products obtained. For ex- 
ample Rio & Berenatere explained the high yields of carbonyl deriv- 
atives formed during photooxygenation of stilbene and styryl deriv- 


atives by proposing the intermediacy of 1,2-dioxetanes. 
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Rearise proposed the intermediacy of a 1,2-dioxetane in the 
photooxygenation of indene to account for the high yield of homo- 
phthalaldehyde obtained when the reaction was carried out in 


methylene chloride, eq. [1]. 


[1] 


jie 0, CHO 
= eran wis 
O 
M.B 


M.B. = Methylene Blue 
Balivniys suggested that the reaction of triphenyl phosphite 


ozonide with ketenes also proceeded via a 1,2-dioxetane intermediate, 


eq. [2]. 
LZ] 
W) rary ee W) 
OE ee aa R.T 
pore 9) Fj nner seein ed eae oO + hv 
b CHCl, , -70° $ DBA b + CO. 


The intermediate is apparently unstable at room temperature; when 
the solution was allowed to warm to room temperature in the presence 
of dibromoanthracene (DBA) chemiluminescence was observed. 
1,2-Dioxetanes have been proposed as intermediates in many 
other reactions too numerous to mention in this work. However, in 


these cases as well as in the preceeding examples the intermediates 
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proposed appeared to be too unstable to allow their isolation, hence, 
no direct evidence existed then to support the proposals that such 
intermediates could behave in the manner suggested. However, the 
isolation by fumrord. of the first stable 1,2-dioxetane, trimethyl- 
1,2-dioxetane 2, and the demonstration that its decomposition was 
indeed chemiluminescent placed these earlier proposals on a firmer 
footing. 

Trimethyl-1,2-dioxetane 2 was obtained as an unexpected prod- 
uct from the reaction of 3-bromo-2-methyl-2-butyl hydroperoxide 3 


with sodium hydroxide in methanol, eq. [3]. 
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OOH OOH 


Br CH OH 
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By analogy to the reaction of 3-bromo-2,3-dimethyl-2-butyl hydro- 
peroxide 5a, eq. [4], treatment of 3 with base was expected to lead 
to the allylic hydroperoxide ee No trace of this product could, 
however, be detected and the major product was 2. 
Tetramethyl-1,2-dioxetane 4 was subsequently prepared by treat- 
ment of 5a with silver acetate and it was demonstrated that both com- 
pounds could be thermolyzed at moderate temperatures to yield the 
corresponding carbonyl pomeounccte Decomposition of both 2 and 4 
was accompanied by light emission; the luminescence spectrum Ofq2 
closely matched the emission spectrum of acetone suggesting that the 


excited singlet state of acetone is responsible for the luminescence. 
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Since publication of this pioneering synthesis, many reports concern- 
ing the preparation and chemistry of 1,2-dioxetanes have appeared in 
the literature. 

The highly unstable 3,3-dimethyl-1,2-dioxetane 8 was isolated 
by cbeahey Aba? using a technique similar to that described by 
Mumford; adapting this approach somewhat, nese reported the syn- 


thesis of the first peroxy lactone 9, eq. [5]. 
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[5] 


OOH O O=—0 
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D.C.C. = Dicyclohexylcarbodiimide 

1,2-Dioxetanes are also formed in good yields from the low 
temperature reaction of singlet oxygen with electron rich plete ta ea 
This reaction appears to be limited to olefins which have no active 
hydrogens a to the double bond. For example, singlet oxygen adds in 
a stereospecific manner to cis- and trans-1,2-diethoxyethylene yield- 


ing the 1,2-dioxetanes 10 and fli eq. [6]. 


6 EtO ; EtO 
6] hv, -78°, 0, 
ata apraleieeatne eal | 
O 
ms CFC1l,, T.P.P. “We 
10 
EtO. EtO 
(il cat ata | 
OEt EtO 
uh 


T.P.P. = Tetraphenylporphyrin 
Triphenyl phosphite See a reagent which reacts with ole- 
fins to yield products similar to those derived from photooxygenation 


of the olefins, also reacts with the above olefins to yield 
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1,2-dioxetanes. In this case, however, the reaction is non-stereo- 
specific, botiiwels=wand™t rans-Olefinesive pise stoma mixture of 10 
and livon treatment with the reagent. 

All the 1,2-dioxetanes described in this section appear to be 
more or less unstable at room temperature, all decompose to yield 
the corresponding carbonyl compounds. It has been shown that this 
decomposition obeys first order kinetics and activation parameters 
have been estimated in several piece oe 

As an initial project, it was proposed to synthesize several 
1,2-dioxetanes with different structural features. 

The synthesis of several such compounds is described in Chapter 
I and the chemistry of these compounds is also described. A discus- 
sion of other preparations of 1,2-dioxetanes is presented in Chapter 
II. A kinetic study of the thermolysis of these compounds was also 
carried out and the results of this study are presented in Chapter 
IIL. Finally an investigation into the yield and nature of excited 
states generated on thermolysis of these compounds was also carried 


out. The results of this study are presented in Chapter IV. 
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CHAPTER I 
PREPARATION AND CHEMISTRY OF 1,2-DIOXETANES 


It was proposed initially to carry out a detailed study of the 
kinetics of decomposition of trimethyl-1,2-dioxetane, 2 and tetra- 
methyl-1,2-dioxetane 4. These results could be compared with 
Richardson's studies on the dimethyl compound to determine the in- 
fluence of methyl substitution on the rates of decomposition of 1,2- 
dioxetanes. 

Additionally, it was proposed to synthesize 1,2-dioxetanes de- 


rived from 1,2-dimethylcyclohexene 12 and ho eee 


-octalin 13 to examine 
the behaviour of bicyclic and tricyclic 1,2-dioxetanes. 

Although 2 was readily accessible in good yield by the method 
devised by Mumford, his preparation of the tetrasubstituted dioxetane 
4 gave rise to very low yields (ca. 5%) of product. Since we were 
interested in preparing tetrasubstituted-1,2-dioxetanes, the first 


objective then was to improve on the synthetic route leading to this 


class of compounds. 
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RESULTS AND DISCUSSION 


Preparation of B-Halohydroperoxides: 


B-Halohydroperoxides were prepared according to the method of 
van de eerdene by reaction of either 1,3-dibromo-5,5-dimethylhydantoin 
or the corresponding diiodo compound with olefins at -40° in the 
presence of excess hydrogen peroxide. Yields of halohydroperoxides 
prepared in this way are listed in Table I. NMR spectra of the prod- 
ucts are feearted in the experimental section. 

The bromohydroperoxides 3 (derived from 2-methyl-2-butene) and 
5a (derived from 2,3-dimethyl-2-butene) had earlier been prepared by 
van de Sande and by Mumford, respectively. Materials prepared accord- 
ing to procedures described by these authors showed spectral proper- 
tics identical to those reported. Thus, 3 was prepared in’ 90% yield 
from the reaction of 2-methyl-2-butene with 98% hydrogen peroxide and 
1,3-dibromo-5,5-dimethylhydantoin (DBH) at -40°. lLIodometric analysis 
of this sample indicated a purity of 94% based on the active oxygen 
content. In a similar manner 5a was prepared in 952% yield from 2,3- 
dimethy1-2-butene. 

The corresponding iodohydroperoxide, 5b, was synthesized by a 
similar procedure using 1,3-diiodo-5,5-dimethylhydantoin (DIH) in 
place of the dibromo compound. The product, a faintly pink solid, 
was found to undergo spontaneous decomposition at room temperature; 
for this reason large quantities of 5b were not isolated in a pure 


state but were stored as solutions in ether or cCl,. A small sample 
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TABLE I 


Preparation of B-Halohydroperoxides 


Halogen Source 


DBH 


DBH 


DIH 


DBH 


DIH 


DBH 


DIH 


Halohydroperoxide 


2 
Br 5a 
OOH 
I 
5b 
OOH 
Br l4a 
OOH 
SB aWAS 
[ 
Br Sa 


Yield % 


84 


95 


80 


94 


85 


88 


11 


12 


of 5b was recrystallized from heptane, white crystals so obtained 
melted at 32 - 35° with some decomposition. 

fodometrieatitration of this sample. indieated a purity of97.. 82. 
White crystals of 5b could be stored at -10° for a few days. 

1,2-Dimethylcyclohexene 12 was prepared from 2-methylcyclo- 
hexanol as outlined in the experimental section. 

The bromohydroperoxide of 1,2-dimethylcyclohexene had also been 
prepared, but not isolated, by van de Gardens Best yields of this 
material were obtained when freshly distilled olefin was used; the 
product, a colourless, viscous”o0f1; solidified at -10°. A small samn— 
ple of this material was recrystallized with difficulty from pentane, 
m.p. 44 - 46°. TIodometric analysis showed a purity of 97.2%. 

The corresponding iodohydroperoxide 14b, was obtained as a 
highly unstable, yellowish oil from the reaction of 12 with hydrogen 
peroxide and DIH. The oil so obtained solidified at -10° but de- 
composition was rapid, even at this temperature. Recrystallization 
of a small sample from pentane at low temperatures yielded a yellow 
powder. m-.p-. 04 — 59-. 

Iodometric analysis of this material was carried out but high 
values (greater than 110% of the theoretical active oxygen content) 
were found for the active oxygen content. It seems probable that 
liberation of iodine from the iodohydroperoxide 14b or from the 
iodohydrin produced after reduction gives rise to these high values. 


ate 


-Octalin 13 was prepared by modifying the procedure of 


Benceaet as eq. [7]. 
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[7] 


ieee (CH 3) oNH 
+ 
Pere oH SNH, 


v 30% 16 U7OL913 


[8] 


Liiie H,055 base 


The original procedure called for naphthalene as starting material, 
the yield of product, however, could be doubled without increasing 
the scale of the reaction if tetralin was used as starting material. 


Separation of the desired Ake 


-isomer was achieved by the hydro- 
boration reaction developed by Benkeser, eq. [8]. The extremely 
bulky borohydride reagent adds only to the less hindered 16, oxi- 
dation of this adduct yielded an alcohol from which unreacted 13 
could easily be separated by distillation. 
9-Bromo-10-hydroperoxy-trans-decalin 15a was prepared in high 
yield from 13 by the usual methods. Recrystallization of the crude 


product from heptane yielded white crystals, m.p. 114 - 115°; 


fodometric analysis indicated the presence of 99.7% of the theoretical 
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active oxygen content. 9-Hydroperoxy-10-iodo-decalin 15b was pre- 
pared and purified using a similar procedure; white crystals of 
product, m.p. 105° (decomp.) were unstable at room temperature but 
could be stored for weeks at -10° without appreciable decomposition. 
Iodometric analysis of a purified sample indicated a purity OfS9Ss77%. 
Since both 15a and 15b could readily be purified by recrystal- 
lization, in subsequent preparations of these materials impure 


ell 


-octalin was used, the hydroboration purification step being 


omitted. 


Preparation of 1,2-Dioxetanes: 

Trimethyl-1,2-dioxetane 2 was prepared according to the method 
of Mameorde Tetramethyl-1,2-dioxetane 4 was obtained in reasonable 
yield (ca. 30%) by reaction of bromohydroperoxide 5a with a large 
excess of silver acetate; the best solvent for the reaction was found 
to be methylene chloride. Thus, a solution of 5a in methylene 
chloride was added rapidly to a slurry of silver acetate powder in 
methylene chloride stirred at room temperature. Reaction was rapid 
under these conditions and the mixture was filtered after a few min- 
utes to give a clear yellow solution containing the dioxetane. After 
work up the dioxetane was freed from side products by low temperature 
sublimation followed by low temperature crystallization from pentane. 

Reaction of iodohydroperoxide 5b under the same conditions re- 
sulted in a similar yield of 4, but this material was less convenient 


to use. 
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As we shall see later, the reaction was highly sensitive to 
solvent effects, methylene chloride or chloroform as solvent were 
equally effective but the former was chosen for its greater volatil- 
ity and hence ease of removal. : 

Experiments with other silver salts such as silver benzoate, 
silver trifluoroacetate and silver tosylate were carried out but 
yields of dioxetane from these experiments were inferior. 

1,6-Dimethy1-7, 8-dioxabicyclo[4.2.0]Joctane 17 and 11,12-dioxa- 
[4.4.2]propellane 187° were prepared in a similar manner from the 
analagous halohydroperoxides. Bromohydroperoxides 14a and 15a were 
found to be quite unreactive towards silver ion under the reaction 
conditions; in particular, l5a was extremely unreactive towards 
silver ion and very low yields of the 1,2-dioxetane 18 were obtained. 

However, good yields of both 17 and 18 could be obtained from 
the reaction of the corresponding iodohydroperoxides 14b and 15b 
with silver ion, see Table II. 

Isolation of 17 was achieved by the same low temperature sub- 
limation and crystallization techniques used in the preparation of 
4; 18, however, was too involatile (and too unstable) to be purified 
by these means. Isolation of 18 was achieved by low temperature 
chromatography on silica gel followed by low temperature crystalli- 
zation. Spectral data together with analysis of the 1,2-dioxetanes 


prepared are given in the experimental section. 
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TABLE II 


Preparation of 1,2-Dioxetanes 


Starting Material Product isolated Nield (CZ) 
O——O 
5a yee) Ze 
m 
5b 4 ~% 30% 
O 
l4a | UL 
O 
uw 
14b 7 v 25% 
15a ‘el 
18 
15b 18 LAVa ae Wye 


a - low, not determined. 
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Characterization of 1,2-Dioxetanes: 
1,2-Dioxetanes were characterized by iodometric analysis (see 
experimental section), by their thermal decomposition to yield car- 


bonyl compounds and by reduction to the corresponding cis-diols. 


These reactions are illustrated in eq. [9] using 17 as an example. 


° 
[9] 
" A 
ro) ae ea 
O 
a7 2 
ake LiAlH, 
ieee ROH C107) 
OH 
OH 
26 


Thus 17 decomposed either on heating, or on standing for extended 
periods at room temperature yielding octane-2,/7-dione 22 as the only 
product. This decomposition was accompanied by a faint bluish chem- 
iluminescence which could be observed in a dark room. The decompo- 
sition of 17 could also be followed readily by NMR spectroscopy, 
Figure 1. The NMR spectrum of the starting material showed signals 
atito.6) (s)\tor the methyl iprotons and’ 1/.9 to 6.7) for the xing 
protons. These signals gradually disappeared on standing and were 
replaced by a new methyl absorption at 1T7.87 (s) together with other 
signals characteristic of dione 22. 


Product isolated from this decomposition was identical in all 
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Figure la. NMR spectrum (CC1,) of 1,6-dimethyl-7, 8- 


dioxabicyclo[4.2.0]Joctane 17. 


Figure 1b. NMR spectrum of a solution of 17 in CCl, after 


~ 72 hours at room temperature. 


Figure lc. NMR spectrum (CC1,) of authentic octane-1,/7- 
dione 22. 

Figure 2a. NMR spectrum (CC1,) of 11,12-dioxa[4.4.2]propellane 
18. 

Figure 2b. NMR spectrum of a solution of 18 in ccl, after 


~ 48 hours at room temperature. 
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respects with a sample of authentic 22 prepared by an unambiguous 
route. 
Reduction of 17 was achieved by adding a solution of the diox- 


etane in ether to a slurry of LiAlH, in ether, stirred at -78°. The 


4 
yield of cis-diol so obtained was \ 100%. A sample of this material, 
recrystallized from benzene, showed spectral properties (NMR, IR) 
identical to those of authentic material. 

In a similar fashion, a solution of 18 in heptane, on standing 


at room temperature for several days, deposited crystals of pure 


cyclodecane-2,6-dione 24 as the only product. Dione so obtained was 


OH OH 


found to be identical in all respects to an authentic sample of 24. 
NMR spectra of dioxetane 18 and the decomposition product derived 
from this material, 24, are shown in Figure 2. 
cis-9,10-Dihydroxydecalin 25 was obtained in 98% yield (as es- 
timated by titration with Pb (OAc) solution) from the reduction of 
18. A sample of isolated diol, recrystallized from benzene, did not 
depress the melting point of an authentic sample of 25, however, a 
marked depression was observed for a mixture of recovered 25 with a 


sample of trans-9,10-dihydroxydecalin 27. 
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It had earlier been demonstrated that the decomposition of 4 
yielded acetone as the only product, but no reduction experiments 
with 4 had been carried out. Reduction of 4 was carried out using 
the same technique described earlier to yield a quantitative amount 
of pinacol. Material so obtained showed spectral properties (NMR, 


IR) identical to those of authentic material. 


UV Spectra of 1,2-Dioxetanes: 

UV-visible spectra of some 1,2-dioxetanes are presented in 
Figure 3. All compounds of this class isolated to date are yellow 
in colour and this is reflected in the UV-visible spectra, all of 
which display tails stretching into the visible region. All the 
compounds show absorption maximum between 275 - 280 nm, € 25 —- 30. 

A comprehensive spectral examination of organic peroxides has 
not been carried out probably due to the lack of distinctive per- 
oxide absorptions. It is proposed that overlapping lone pair orbit- 
als of the two adjacent oxygen atoms lead to low energy bonding and 
high energy antibonding orbitals To9 and ie which are correspond- 
ingly filled with electrons in the ground state.1/ Thus the lowest 
energy electronic transition in simple peroxides can be character- 

x 
ized by T 00 ni 8 00° 


Simple alkyl peroxides show only weak, nearly structureless 


absorptions below 400 nm. For example, di-tert.-butyl peroxide shows 
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The electronic structure of 1,2-dioxetanes is likely distorted 
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by the strain effects caused by the four-membered ring and this seems 
to be reflected in their UV spectra as increased € values and absorp- 
tions at higher wavelengths. 

The peroxide linkage in endoperoxides should also be somewhat 


distorted, although this distortion would not be expected to be as 


severe as that in 1,2-dioxetanes. In accordance with this, ascaridole, 


shown below, appears to be a faintly yellow oil. 


To ensure that the absorption spectra recorded were actually those of 
the 1,2-dioxetanes and were not due to the decomposition products 
(carbonyl compounds absorb in the same region), solutions of 1,2-diox- 
etanes prepared for spectral measurement were analyzed for peroxide 
content before and after the spectra were recorded. Decomposition of 
samples during the short time required to record the spectra was 


found to be negligible. 


Reactions of Halohydroperoxides with Base: 


van de Sande demonstrated that the B-bromohydroperoxides 5a 
and 14a were converted in good yield to the corresponding allylic 
hydroperoxides on treatment with methanolic sodium bvaros iene eq. 


[10]. and eq. [11]. 
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[10] 
OH OH 
NaOH 
recent 
CH.OH 
Br 3 
6 
5a Ag 
[11] 
OOH OOH OOH 
oc . 
Br 
l4a 19 20 


Similar results were obtained using the corresponding chloro- 
hydroperoxides but yields of the allylic hydroperoxides were some- 
what less. 


Treatment of the iodohydroperoxide 5b with base under the same 


conditions resulted in an almost quantitative yield of allylic hydro- 


peroxide 6. Similarly, reaction of 14b under the same conditions 
yielded the isomeric allylic hydroperoxides 19 and 20 in the same 
ratio (V 5:95) as that observed by van de Banden 

Spectral properties of 19 and 20 had not previously been re- 
ported so that it was necessary to reduce the mixture of these mat- 
erials to the corresponding allylic alcohols 29 and 30 the spectra 
of which were reported by van de paniene 

CUenv oreo tony oho cmocral ic 23 was prepared in high yield, 
ca. 80%, by the reaction of either 15a or 15b with sodium hydroxide 


in methanol. Material isolated showed spectral properties identical 
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to those reported by Foote for a sample prepared by photooxygenation 


9,10 18 


of A -octalin. 


OH H 


Reaction of B-Halohydroperoxides with Silver Acetate: 


Treatment of either bromo- or iodohydroperoxides with silver 
acetate resulted in mixtures of products; in addition to the ring 
closure reaction leading to 1,2-dioxetane formation, products aris- 
ing from elimination and rearrangement reactions were also observed, 
eq. [12] to eq. [14]. Secondary products, derived from decomposi- 


tion of the dioxetanes were usually also observed. 


e) 
fiapeek= yal an SERGE e sande soa + 


[13] 14a,b 17 +19 + 20 + 22 + 
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Reaction of 5a and 5b, then, with silver acetate under conditions 
described earlier resulted in a mixture containing tetramethyl-1l,2- 
dioxetane 4 (© 30%), allylic hydroperoxide (% 55%) and pinacolone 

(~ 15%). The latter product distilled over with 4 when this product 
was sublimed from the reaction mixture, and was isolated from mother 
liquors after crystallization of 4. The NMR spectrum of isolated 
material showed absorptions at 17.95 (s) and T8.9 (s) in the ratio 
1:3. The yield of pinacolone was determined as the 2,4-dinitrophenyl- 
hydrazine derivative. 

The residue obtained after sublimation of 4 was found to be 
almost pure 3-hydroperoxy-2,3-dimethyl-1l-butene 6, identical in all 
respects with an authentic sample prepared from reaction of 5a with 
sodium hydroxide. 

A similar mixture of products was obtained from the reaction 
of 14a and 14b with silver acetate. Again the rearranged product, 
l-acetyl-1l-methylcyclopentane 21, distilled over during sublimation 
of the dioxetane 17 and was isolated from the mother liquor after 
crystallization of this latter compound. Isolated 21 was identified 
by comparison of its spectral properties with those of authentic 


ee) ; 
material prepared by the method of Hart. The semicarbazone 
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derivative was prepared from isolated 21, m.p. 138 - 141°, reported 


141°.2° 


The yield of 21 (as a percentage of total product) from 
iodohydroperoxide 14b, as estimated from the weight of semicarbazone 
derivative, was Vv 20%. 

The residue, after removal of 17 and 21, consisted largely of 
the allylic hydroperoxides 19 and 20. These were identified by a 
comparison of an NMR spectrum of the residue with a spectrum of 
material obtained by reaction of 14a with sodium hydroxide. TLC 
analysis of the residue also indicated the presence of small quan- 
tities of the dione 22. The yield of allylic hydroperoxide (as a 
percentage of total product) from 14b, as estimated by iodometric 
titration, was Vv 502. 

The major product isolated from chromatography of mixture ob- 
tained from the reaction of 15b with silver acetate, eq. [14], was 
the allylic hydroperoxide 23. The yield of this product, as esti- 
mated by iodometric titration, was ca. 50%. Small amounts of the 
diketone 24 were also isolated from the column (ca. 2%) but no trace 
of the expected rearrangement product, spira[4.5]decan-6-one 32, 
could be detected either by TLC or by VPC. This product is formed 
in high yield from the reaction of bromohydroperoxide 31, eq. [15], 


F 2 
with silver acetate. 
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The small amount of Reena iie (~v 1%) isolated from the chromato- 


graphy could possibly arise via an E, elimination from the iodohydro- 


2 


peroxide, eq. [16]. This material was identified by its Ry value on 


Silica gel and from its NMR spectrum. 
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Pinacol-Type Rearrangements of Halohydroperoxides: 


Rearrangement products obtained from the reaction of halo- 
hydroperoxides with silver salts resemble "semi-pinacol" rearrange- 
ment products derived from the reaction of iodohydrins with mercury 

22 ‘ . ; 
salts. However, in the former case, rearrangement is accompanied 
by a cleavage of the peroxide linkage. A possible mechanism for 


this rearrangement is shown in eq. [17]. 


sctamenies ith a, bussions \@htueyiittnage- 
sedbyikinet ads sock. nikieatakts Piathgaey eae elabewag hone ame» 
no: andey ,f oft yd iskatamabh cow letras Bhat [aL] «po -abmomeg 

yours; 9a” MM 27f mont ham, Teg aobike 


i eee oaemgesrntt 
cease stir entolin’ Yo notes td aoe seghioh ‘eteokest, team 
' stem ae ii tot hele 


30 


[17] 
OOH ; OH HOO 
ey + 
2 AL ee re 
Br 
sOAcy 
Ho HO—O 
Ge Sh ea Se 
+ Oo 
CH,CO,H 


1-Acetyl-l-methylcyclopentane 21, obtained from rearrangement 
of 14a or 14b, is also obtained in the pinacol rearrangement of 
trans-1,2—dimethylcyclohexane-1,2-diol,”~ eq. [18]. This suggests 
a trans configuration for the halogen and hydroperoxy groups of 
14a,b since pinacol rearrangement of the cis-diol gives 2,2- 
dimeunvleyelonersnona tae eq. [19]. 

The differences in behaviour of these isomeric diols are best 
explained by reference to Newman projections (see diagram). In the 
cis-isomer the hydroxyl group and the migrating methyl group can 
attain a trans-diaxial configuration and migration of the methyl 
group can readily occur. In the trans-isomer no potential migrat- 
ing group can attain a trans-diaxial configuration with respect to 


the hydroxyl groups. The carbon atoms of the ring, however, bear 
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a trans relationship to the hydroxyl groups and rearrangement to 


the ring-contracted product 21 can occur. 


[18] OH f 
H,S0, 
——_—_——» 
OH 


ZL 
Ey 
’ OH 
H,SO, 
—_——_—> 
OH 
OH CH, 
OH OH 
H, OH 
CH, CH, 
cis trans 


Perhaps a similar explanation can account for the lack of form- 
ation of the spiroketone 32 from 15a or 15b. If compounds 15a and 
15b have a trans configuration, then the carbon atoms of the ring 


cannot bear a trans relationship to the halide leaving group. 
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Now, rearrangement of 9,10-dihydroxy-trans-decalin to 32 does 
: : , : 24 ; 
occur but heating is necessary to achieve this reaction. iE, ees) 
possible that conditions in the reaction of 15a or b with silver 
ion are mild enough to prevent such a rearrangement. 
Confirmation of the trans configuration of 15b comes from the 


sequence of reactions shown in eq. [20]. 


[20] 
I 
>4P 
ed 
ccl, 
OH 
iNoye: 28 33 
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Reduction of alkyl hydroperoxides by phosphines is known to 


25 thus, 


proceed with retention of configuration at the alkyl carbon, 
the iodohydrin obtained for this reduction, 28, necessarily has the 
same configuration as the starting material. This product reacted 
almost instantaneously with sodium hydroxide in methanol at 0° 


yielding the epoxide 33 indicating a trans relationship of the 


hydroxyl and iodo groups. 


32 
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Under certain conditions an unusual rearrangement product, 
7-hydroxy[5.3.0]decane-2-one 34 was obtained from the reaction of 


either 15a or 15b with silver acetate. 


[21] 
NaHCO,, Aq 
3 
eto 
A 
4 
34 35 


This product seemed to be formed when only a slight excess of silver 
acetate was used in the reaction. The structure of 34 was shown 
from spectral data and by its facile conversion to the known com- 
pound 5,26 eq. [21]. The IR spectrum (CC1,) showed absorptions at 


3600 (s) and 3480 (b) for the hydroxyl group and a strong carbonyl 


absorption at 1700 ents 


; the NMR spectrum (CDC1.) showed absorptions 
at 16.85 (broad triplet, 1H) for the methine proton, 17.5 (broad, 
2H) for the protons adjacent to the carbonyl group and an exchange- 
able proton at T8.6. 

It was assumed that 34 was formed via an internal aldol conden- 
sation of cyclodecane-2,6-dione 24. Accordingly, control experiments 
were carried out by stirring pure samples of the dione 24 and the 
1,2-dioxetane 18 with mixtures containing silver acetate, silver 
iodide and acetic acid in methylene chloride solution. In neither 
case could any of the cyclized product be detected. It is worth 


noting though, that 34 was only occasionally formed during the re- 


actions of halohydroperoxides 15a and 15b with silver ion, perhaps 


33 
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conditions for its formation were not met in the control experiments. 
A second possibility, that 34 could arise via a photocycliza- 


tion reaction, eq. [22], was also investigated. 


22] | OH 
—_—- - _—_—___ > 


ring closure 


34 
No 34 was observed, however, when solutions of the dioxetane 18 
were heated alone, or in the presence of silver acetate. The only 
product detected in both cases was the dione 24. 

Attempts to prepare 34 by direct photolysis of 24 were also 
unsuccessful. Photolysis experiments were carried out using a 
medium pressure mercury lamp and an immersion well apparatus equip- 
ped with a Pyrex filter. Complex mixtures of products obtained 
from the photolysis experiments were not examined in detail but in 
no case could any of the desired cyclized product 34 be detected. 

Subsequent experiments did indicate that 24 is cyclized under 
mild acidic conditions to yield 34. Silica gel appears to be acidic 
enough to effect this transformation; small quantities of 34 were 


isolated during preparative layer chromatography of mixtures con- 


taining 24. It was shown that no cyclized product was present in 
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the mixture before chromatography. Cyclization of 24 to 34 could 
also be readily achieved by treatment of the dione with methylene 
chloride to which a small quantity of HI had been added. Under 
these conditions the elimination product, 35, was also formed. Both 
34 and 35 were identified by TLC analysis on silica gel plates. 

The IR spectrum (CHCL,) of 34 shows both free and hydrogen- 
bonded hydroxyl stretching bands at 3600 (s) and 3480 (b) ena re- 
spectively. The ratio of the intensity of the higher wavenumber 
band to that of the lower increases as the concentration of 34 is 
decreased, suggesting that intra-molecular hydrogen-bonding is un- 
important for this compound. ~/ It was not possible, then, to 
assign a cis or trans configuration for the ring-juncture of this 


compound. 


Solvent Effects in the Reactions of B-Halohydroperoxides with Silver 


Acetate: 

Solvent effects appear to be very important in the reactions 
of halohydroperoxides studied; best yields of 1,2-dioxetanes were 
obtained in solvents such as chloroform or methylene chloride. If, 
however, the reactions were carried out in hydroxylic solvents such 
as methanol or 2-propanol only trace amounts of dioxetane were form- 
ed. For example, the only product formed from the reaction of 15b 
with silver acetate in methanol appeared to be the allylic hydro- 
peroxide 23, no 1,2-dioxetane 18 could be detected. 


A similar effect was noted in the reaction of 5a with silver 
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acetate seq. "[23]) tand veqy= [24]; 


OH oo OOH ° 
[23] AgOAc 
a 2 
CH, CL, 


Br 
Sa 4 6 
[24] 5a ore se 
| CH “Gijon 
36 6 
[25] 36 — ¥X 
reson 30H ne 30H 
Ba 38 


In methanol solution the substitution product, 3-methoxy-2, 3- 


dimethyl-2-butyl hydroperoxide 36, and allylic hydroperoxide 6 were 


formed in approximately equal amounts. Identification of 36 was 
made on the basis of its NMR spectrum (CC1)) which showed absorp- 
tions ate1c.93 (Ss). 8.87 (s) and 6.84 (s)-)) Confirmation: of the 
structure was obtained by reduction of the reaction mixture with 
NaBH, , the NMR spectrum of this reduced sample showed absorptions 
at 78.81, 8.86 and 6.76. Signals at these positions were observed 


for a sample of 3-methoxy-2,3-dimethyl-2-butanol 37 prepared from 


2,3-dimethy1-2,3-epoxybutane 38, eq. [25]. 
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The similarity between base catalyzed elimination reactions of 
B-halohydroperoxides and the photooxygenation of olefins has already 
been noted se It is interesting that certain photooxygenations show 
solvent effects remarkably similar to those observed in reactions of 


B-halohydroperoxides with silver salts,~°® equal 26) 


[26] 


0 


Cleavage products observed in this and other reactions may or 
may not arise via 1,2-dioxetane intermediates; this subject is dis- 


cussed more fully in Chapter II. 


Reduction of 1,2-Dioxetanes by Phosphines: 


The chemistry of 1,2-dioxetanes is dominated by their thermal 
instability, this makes it difficult to assess the chemical reactiv- 
ity of the peroxide linkage in these compounds. 

All classes of peroxides react with tertiary phosphines, but 


different classes of peroxides react at vastly different rates. 
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This difference in reactivity forms the basis of an analytical pro- 
; : ; : 29 
cedure for the determination of different classes of peroxides. 
The more reactive peroxides such as hydroperoxides or diacyl per- 
oxides usually react rapidly at room temperature but the more slug- 
gish dialkyl peroxides often require extended reaction at elevated 
temperatures, befones reaction, occurs. 


The generally accepted moe ee tees 


for theyreduct tonJsoL uer= 
oxides by phosphorus compounds involves initial nucleophilic attack 


on oxygen, eq. [27], followed by a displacement of oxygen. 


ae - + 
bed R—0O—--0 —R' + PR”. + R—O + R'——OPR” 


rok 3 eS 


+ R—O——R! + OPR", 


Di-t-alkyl peroxides, however, normally react at elevated 
temperatures by initial cleavage of the peroxide bond to give prod- 
ucts arising from free radical reactions; thus, thermolysis of 


dicumyl peroxide leads to a good yield of dicumyl, Scheme I. 


Scheme I 
RO——OR. > ..2R0- 
ROI GS es RO——PR' 
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R = $C(CH,), 


38 


7 7 7 a 

mony Maj faetans oo 1o/aewmiewe eaptel yetedapess 0) mal 
ae a . Sane 
* aahlacred 1: segeio Seredats Sa soltapfiarateb avis ot a 
7 aa - of 
a 4 - (i wa «oh Pecrie na fuged ra icdiigec aehineeeQ wy i4one3 5 a 
wy 
wer! m& a vrye : Te J iy 3) Soe Z 3007 46 ims m2 2seut vilovev bt; ». 

a 


; ee RE a 


~avat 
ith 


a 


in pelasiog Hahnagras Sr rpat, arse CARI ag Ly, = ety 
leipien walasesn Goled setpdategen 
an 


7 
-* _ 7 
i 205 ae on a feet bli S59 wareaecel <2ipess' at 7 
a 


. 1m Ul ae itt ivv= - myacs wg cc) pul oa 
| ot *] 


‘+ aan | 
i be iahtos ioe’) sed bap iiok S178) .pe) pmagyee ee 
A ad ¥) ? 


a 
™, 7 
7 e 

— —E@ “gt ~*s-—ip 2 ~ {¥SP 
5 he - * ae 

pie - =, 

a 

g 7 * i} — > = 7 
yaa ee | — 


- a 
4 ga reod” 2a ieee ytie-s-86 i. 


The usual reason given for this is that the peroxide oxygen 
atoms of such compounds are sterically hindered by the bulky tertiary 
alkyl groups and nucleophilic attack on oxygen is not possible. 
(The oxygen atoms in t-butyl peroxide, for example, have been com- 
pared to the @ carbon atom of neopentyl eli dese 

Since the peroxide linkage of 1,2-dioxetanes does not appear 
to be sterically hindered one would expect rapid reaction of these 
materials with tertiary phosphines and this is in fact the case. 
The three 1,2-dioxetanes studied react almost instantaneously with 
triphenyl- or tri-n-butylphosphine at 0° in CCl, solution. The re- 
action products (Table III) were identified by comparison of spectra 
with those of authentic materials and by comparison of VPC or TLC 
behaviour with authentic materials. Relative yields of products 
were determined by integration of the NMR spectra. 

The products would appear to arise via an ionic mechanism as 
given in eq. [27]. However, the displacement reaction leading to 
an ether linkage can only occur where, after the initial displace- 
ment by phosphorus, free rotation about the c-C bond of the 1,2- 
dioxetanes is possible, eq. [28]. Thus, only 4 gives rise to the 
expected epoxide product, eq. [28], 17 and 18 give products arising 
from elimination reactions, eq. [29]. 

In each reaction studied, a small amount of cleavage product 
was observed; this is not surprising, since the reaction of phos- 


phines with 1,2-dioxetanes seems to be fairly exothermic. 
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TABLE III 


Reaction of 1,2-Dioxetanes with Triphenylphosphine 


Dioxetane Product Approximate 
A Yield 
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The less nucleophilic trisubstituted phosphites, for example, 
triphenyl phosphite, triethyl phosphite and trimethyl phosphite, do 
not react (at least, at room temperature) with the dioxetanes studied 
indicating that the peroxide linkage in these materials is perhaps 
not exceptionally reactive. Hydroperoxides, diacyl peroxides and 
some dialkyl peroxides react readily with phosphites; diethyl- 
peroxide, for example, is reduced even at low temperature by triethyl 


phosphite yielding diethyl Ere een 
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Stability of Tetramethyl-—1,2-dioxetane Under Acidic and Basic 


Conditions: 

Earlier attempts to prepare 4 by treatment of 3-bromo-2,3- 
dimethyl-2-butyl hydroperoxide, 5a, with silver perchlorate or silver 
fluoroborate were unsuccessful, acetone was the only product detect- 
ed in these osyaelteaae © It was thought that the reason for the 


failure of these reactions was that any dioxetane formed during the 


4 etc.) 


reaction was decomposed rapidly by the strong acids (HC1O 


also formed during the reaction. 7 


Surprisingly, 4 was found to be 
quite stable in the presence of strong acids; the rate of decomposi- 


tion of 4 in CCl, solution containing CF,CO,H (0.1 M) was only about 


h 


twice the rate in CCl, alone. The only product detected from the 
decomposition of 4 in acid solution was acetone. 

The stability of 4 to basic conditions was also investigated 
by stirring the dioxetane in a methanolic solution of sodium 
hydroxide. Approximately 5% of starting material was isolated from 
this reaction mixture even after three days at room temperature, 
this suggests that 4 is not attacked by base. Again, the only prod- 
uct detected from this reaction was acetone. 

It has already been shown that the thermolysis of 1,2-dioxetanes 
leads exclusively to cleavage products. Additionally, 1,2-dioxetanes 
are not rearranged in the presence of acids or bases. It seems un- 
likely then, as has been suggested, 2 that 1,2-dioxetanes are inter- 


mediates in photooxygenation reactions of olefins which lead to 


formation of allylic hydroperoxides. 
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EXPERIMENTAL 


Melting points and boiling points recorded are uncorrected. 
Refractive indexes were measured using a Bausch and Lomb Abbe-3L 
Refractometer. Infrared spectra were recorded on Perkin-Elmer Model 
421 and Model 337 spectrophotometers. UV spectra were recorded 
using Cary 15 and Bausch and Lomb recording spectrophotometers. im 
NMR spectra were determined using Varian analytical spectrometers, 
Models HA~100, A-60 and A56/60 with tetramethylsilane (TMS) as in- 
ternal standard. ie NMR spectra were recorded using a Bruker HFX 10 
spectrometer. VPC analysis was carried out on Aerograph 202 and 
A-90-P3 gas chromatographs. Mass spectra were obtained on an A.E.I. 
MS-2 mass spectrometer. 

All preparations and reactions of B-halohydroperoxides were 
carried out behind shields and peroxidic compounds were estimated 
iodometrically using the method of Organic acgauineeene Solutions and 
solvents were dried over anhydrous magnesium sulphate unless otherwise 
noted. Removal of solvents was achieved using a rotary evaporator 


unless stated otherwise. 


3-Bromo-2-methyl-2-butyl Hydroperoxide 3: 

“This material was prepared according to the method devised by 
van de een” To 50 ml of dry ether at -40° was added 98% hydrogen 
peroxide (17.0 g, 0.5 mole), addition was made slowly such that the 
temperature did not rise above -35°. 2-Methyl-2-butene (7.0 g, 0.1 


mole) was then added to one portion followed by 1,3-dibromo-5, 5- 
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dimethylhydantoin (14.3 g, 0.05 mole) added in small portions. After 
addition was complete the mixture was allowed to stir at -40° for a 
further 15 minutes, after which time the cooling bath was removed and 
the contents of the flask allowed to warm quickly to ca. 10°. When 
the mixture became homogeneous it was extracted several times with 
water (4 x 50 ml), the organic layer was then dried and solvent was 
removed at room temperature. 

The crude product, 17.5 g of a colourless oil, contained 95% of 
the theoretical oxygen content as determined by iodometric titration; 
the overall yield was 90%. 

The NMR spectrum (CC1,) showed absorptions at 11.4 (broad, D,0 
exchangeable), 15.56 (quartet, J = 7 Hz) for the methine proton, 
T8.32 (doublet, J = 7 Hz) for the single methyl group and T8.63 and 


T3e/2 10rethe non-equivalent gem-dimethyl groups. This spectrum was 


identical to that obtained by Manrorda 


Trimethyl-1,2-dioxetane 2: 


Trimethyl-1,2-dioxetane was prepared from bromohydroperoxide 3 
by the procedure outlined by Mentocdes A solution of sodium hydroxide 


(0.4 g) dissolved in 1 ml H,0 and 3 ml of methanol was added slowly 


Z 
to a solution of 3 (1.8 g) stirred in methanol (6 ml) at 0°. After 

ca. 100 minutes the mixture was extracted with iso-pentane (33362 54am!)/ 
the combined extracts were dried and solvent was removed evaporatively 


at room temperature. The residue, a yellow oil, was purified by 


distillation under high vacuum (5y) at room temperature. A colourless 
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forerun was discarded. Finally, two low temperature (-78°) crystal- 
lizations from iso-pentane yielded crystals of pure 2, mp. 4 - 7°. 
Iodometric titration showed 100% of the theorecicnt active oxygen 
content. 

The NMR spectrum (CC1,) was identical to that reported by 


Muntord., 


3-Bromo-2 , 3-dimethy1l-2-butyl Hydroperoxide 5a: 

The procedure described for the preparation of 3 was used to 
prepare 5a from 8.4 g (0.1 mole) of tetramethylethylene, 14.3 g 
(0.05 mole) of the DBH, and 17.0 g (0.5 mole) of 98% hydrogen per- 
oxide in 50 ml ether. 

In this way 19.1 g of a crude 5a, a white solid, was obtained. 
Iodometric titration indicated 98% of the theoretical amount of ac- 
tive oxygen. The NMR spectrum (CC1,) showed absorptions at 11.85 
(broad, D,0 exchangeable), 18.56 (s) and 18.19 (s) in good agreement 


with the spectrum described by van de Spivits, 


3-Iodo-2,3-dimethy1-2-butyl Hydroperoxide 5b: 


This material was prepared using a procedure similar to that 
described for 5a but 1,3-diiodo-5,5-dimethylhydantoin (20 g, Arapahoe 
Chemicals) was used in place of the dibromo compound. The mixture 
was stirred for 30 minutes at -40° to ensure complete reaction before 
being allowed to warm to 0 - 10°. The mixture was extracted with 


water (3 x 50 ml) and then with several portions of dilute sodium 
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thiosulphate solution until the colour of iodine was discharged. 
Solvent was removed to low volume but, because of the sensi- 
tive nature of solid 5b, care was taken not to evaporate to dryness. 
CCl), (30 ml) was then added and the solution again evaporated to low 
volume. This process was repeated several times to obtain a concen- 


trated solution of 5b in CCl This solution was normally discoloured 


4° 
by traces of free iodine. The yield of crude product was estimated 
as 80% by iodometric titration. 

A sample of 5b was purified by recrystallization from heptane 
to yield white needles, m.p. 32°- 35° (decomp.). Solid 5b was un- 
stable at room temperature, decomposing spontaneously after an in- 
duction period of several minutes. lIodometric titration showed 97.8% 
of the theoretical active oxygen content. The NMR spectrum (CC1,) 


showed absorptions at 11.48 (s, 1H, D,0 exchangeable), 17.95 (s, 6H) 


z 
andet6-50=¢s-= 6H)" 


Tetramethyl-1,2-dioxetane 4: 


This compound was prepared in reasonable yield by the following 
procedure: 

2-Bromo-2, 3-dimethyl-3-butyl hydroperoxide (4 g) in methylene 
chloride (20 ml) was added rapidly to a rapidly stirred slurry of 
silver acetate (12 g) in methylene chloride (80 ml). After 15 min- 
utes the silver salts were filtered off and the organic layer, pale 
yellow in colour, was washed with water (1 x 30 ml) followed by 


sodium carbonate (10%, 30 ml). Removal of solvent after drying with 
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MgSO, yielded a bright yellow oil. Volatile materials were distilled 
from this oil under high vacuum (5y) and room temperature; a little 
iso-pentane was added to the distillate and the solution cooled to 
-78°. The yellow crystals of 2 which formed were filtered off and 
dried by pressing between filter papers. The yield of crude material 
was 0.7 g (30%). 

Pure material was obtained by sublimation at room temperature 
and at 5u. Material so obtained had active oxygen content as deter- 
mined by iodometric titration ol 98-/Z2.5Mepe  (sealedetube)7se-8/00. 

The ne NMR spectrum of 4 (CC1,) showed a single absorption at 
T6249. The 13, NMR spectrum (acetone-d/ ) showed absorptions at 89.33 


for the tertiary carbon atoms and 23.55 for the methyl carbon atoms; 


these values are reported as ppm downfield from TMS. 


Reduction of Tetramethyl-1,2-dioxetane 4: 


The same general procedure was adopted for the reduction of all 
peroxidic materials; thus, reduction of 4 was carried out by slowly 
adding a solution of the dioxetane (0.12 g, freshly sublimed) to a 
slurry of LiAli, (0.2 g) in ether (10 ml) stirred at -78°. The mix- 
ture was stirred at this temperature for 20 minutes and then allowed 
to warm to room temperature. Excess LiAlH) was then decomposed by 
the addition of KOH solution (10%) until a clear solution was formed. 
The granular precipitate was filtered off and washed several times 
with ether; the washings were combined with the filtrate and solvent 


was evaporated yielding white crystals (0.14 g) of pinacol. 
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The NMR spectrum (CDC1.4) showed absorptions at 18.72 (s) and 
18.32 (b) in’ the ratio 3:1 (expected ratio 6:1) indicating that some 
water of crystallization was also present; taking this factor into 
account, the yield of pinacol was © 100%. A sample of isolated 
pinacol recrystallized from benzene showed spectral properties (IR, 


NMR) identical to those of authentic material. 


2,3-Dime thy 1-3-hydroperoxy—Il—butene 6 from 5b: 


A solution of 5b (0.25 g, recrystallized from heptane) in 
methanol (2 ml) was added to a solution of sodium hydroxide (0.05 g) 
in methanol (5 ml) stirred at 0°. After 10 minutes the solution was 
diluted with water (30 ml) and extracted with methylene chloride (3 
x 10 ml); the combined extracts were dried and solvent was evaporated 
yielding a small quantity of colourless oil (V0.1 g). The NMR 
spectrum (CC1,) showed@absorptaonsea tall. low Lao Cb )meclon lL) — ee ean) i, 
T8.25 (m) and 18.70 (s). This spectrum was identical to that reported 


for 6.° 


V,z-Dimethy leyelovexene: 12: 

2-Methylcyclohexanone, prepared by oxidation of 2-methylcyclo- 
hexanol,>> (230 g) was added to a solution of methylmagnesium iodide 
(two moles) in dry ether (two litres) contained in a three litre 
flask. After addition was complete, the mixture was heated under 
reflux for a further 15 minutes, the reaction was then worked up with 
NH,Cl solution. The residual oil obtained by evaporation of solvent 


4 


was mixed with orthophosphoric acid (30 ml) and heated to reflux 
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temperature for two hours. Distillation of the mixture through a 
Vigreux column yielded a mixture of olefins containing % 652% of the 
desired product together with 30% of isomeric 2,3-dimethylcyclohexene 
and a small quantity of 2-methylmethylenecyclohexane. 

12 was separated from this mixture by distillation using a 
Nestor-Faust annular teflon spinning band column. The NMR spectrum 
of material boiling at 134 ~ 136° (710 mm) showed absorptions at 
T8.4 (s) for the methyl protons and a broad absorption at T8.1 for 
the ring protons; no trace of olefinic protons between 4 —- 6 could 


be detected. Reported b.p. 134 - ieteon Y 


A??19_octalin 13: 


Tetralin (100 g¢) was dissolved in a mixture of ethylamine (500 
ml) and dimethylamine (400 g) contained in a three-necked flask fitted 
with a magnetic stirrer and a Dewar-type dry-ice condenser. The mix- 
ture was stirred briefly and lithium ribbon (23 g) cut into small 
pieces was added. The mixture was stirred for 14 hours after which 
time the solvent was allowed to evaporate. The residue was then 
cooled in an ice bath and water (200 ml) was slowly added. The pre- 
cipitated lithium salts were filtered off and washed with ether Cars. 
50 ml); the filtrate was also extracted with ether (4 x 50 ml). Com- 
bined ether washings and extracts were dried, concentrated and the 
residue was distilled under reduced pressure to yield a mixture of 


9,10 


A -octalin (% 70%) and ad catytoce at (v 30%). The combined yield 


Wee vob. pp. 70 = 970 at 107mm. 
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Separation of the re sessieys was achieved using the method of 
sasaeas = Sodium borohydride (4.7 g) and 2-methyl-2-butene (23.1 g) 
dissolved in anhydrous tetrahydrofuran (200 ml) were stirred together 
in a one litre, three-necked flask fitted with a reflux condenser, 
Stiftrers’and’a mercury trap. Boron trifluoride-etherate (23°55° 8) in 
THF (22 ml) was added, followed by the crude octalin mixture (20 g), 
added over a period of 10 minutes. The mixture was then stirred for 
3.5 hours. Water (50 ml) was then added dropwise followed by NaOH 
solution (3 N, 35 ml), added over 10 minutes, and hydrogen peroxide 
(30%, 35 ml), added over 45 minutes. The ree wasies tirred efor five 
hours at 44 - 45°. On cooling, the organic layer was separated off, 
washed several times with water and concentrated after drying over 


MgsoO Dirstillatdonscrethes residue tunder ereduced=pressune yielded 13 


4 
CUAie) PAD ep.) 8/7 kat ben Sireportedtb.p.e/): se/ 7 eat 614 ere 
The NMR spectrum (CCl) ) showed two broad absorptions centred at 18.25 


and 18.54. No olefinic absorptions could be detected. 


2-Bromo-trans-1,2-dimethylcyclohexyl Hydroperoxide 14a: 


The procedure described for the preparation of 3 was used to 
prepare l4a from 11.0 g (0.1 mole) of 1,2-dimethylcyclohexene 12. 
ieeyvieldsorectude l4a, a colourless oll > was 2136.9 (0977 54.55L0dG— 
metric analysis indicated 96.8% of the theoretical active oxygen 
content. The crude product solidified on standing at -10°. A small 
sample of this material was recrystallized with difficulty from 


pentane at -78°, m.p. 44 - 46°. The NMR spectrum (CC1,) showed 
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absorptions at 18.2 and 8.52 for the methyl protons and a broad ab- 
sorption between T7.8 and 8.7 for the ring protons. The peroxidic 


hydrogen was not visible but D,O exchange indicated the presence of 


2 
an exchangeable hydrogen. The IR spectrum (CC1,) showed bands at 
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2-Iodo-trans-1, 2-dimethylcyclohexyl Hydroperoxide 14b: 


This compound was prepared by the standard methods for prepar- 
ation of halohydroperoxides. The yield of 14b from 11.0 g pure 
olefin 12 was 24 g, 89%. Initially, the sample was obtained as a 
yellowish oil but the sample solidified on standing at -10°; re- 
crystallization of some of the material from heptane yielded fine, 
pale yellow crystals, m.p. 54 - 55° with some decomposition. The 
material was found to be fairly unstable even at -10° although it 
could be stored at -78°, probably indefinitely. At room temperature, 
the crystals appear to decompose spontaneously. A satisfactory 
analysis of this material could not be obtained by iodometric titra- 
tion; titrations were much higher than expected, probably due to 
elimination of iodine from the compound. A typical analysis indi- 
cated 120 - 130% of the theoretical active oxygen content. The NMR 
spectrum (cDC1,) showed absorptions at 12.41 (n, D,0 exchangeable), 
T7.82 and 18.33 for the methyl protons. The ring protons appear as 


a broad band between 1T7.8 and T8.5. 
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9-Bromo-10-hydroperoxy-trans-decalin 15a: 


The procedure described for the preparation of 3 was used to 
prepare 15a from 13.6 g pure aoe etal an (0.1 mole). The yield of 
product, recrystallized from heptane, was 21.3 g, 85%. White crys- 
tals of 15a melted at 114 - 115° without decomposition, iodometric 
analysis showed a purity of 99.7%. The NMR spectrum (cDC1,) showed 


absorptions at 12.8 (b, D,0 exchangeable) for the hydroperoxy group 


yd 
and broad absorption at 18.28 and 8.5 for the ring protons. 
The mass spectrum of 15a did not show a parent peak, major 


fragments were observed, however, at 231, 233, (loss of OH) and at 


215, 217 (loss of OOH). The base peak appeared at 135 (C) Hy 5) > 


9-Hy droperoxy—-10-iodo-trans-decalin 15b: 


The procedure used to prepare 5b was used to prepare a sample 
Ofet DeLrom 13,002) (0.1)mole) of pure Ie nes easiey, 2069 Uy 0.05 
mole) of 1,3-diiodo-5,5-dimethylhydantoin and 17 g, (0.5 mole), 98% 
hydrogen peroxide in 80 ml of dry ether. The crude product, a 
faintly pink solid, was recrystallized from heptane yielding 26 g 
(88%) of white crystals, m.p. ~ 105° (decomp.). LIodometric analysis 
indicated the presence of 98.7% of the theoretical active oxygen 
content. 

The NMR spectrum (CDC1.) showed absorptions at T3.1 (s, D,0 
exchangeable) for the hydroxyl proton and T8.1 (b), 18.4 (b) for the 


ring protons. The IR spectrum (CC1)) showed major absorptions at 
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The mass spectrum did not show a parent ion, minor fragments 
were observed at 278, 261; major fragments at 169 (-I), 152 (-I,0H) 


angs.35 CC The crystals of 15b decomposed rapidly at room 


10815) 


temperature but could be stored at -10° for several weeks. 


cis-1,6-Dimethy1-7, 8-dioxabicyclo[4.2.0]Joctane 17: 


Using the same procedure as was employed in the preparation of 
tetramethyl-1,2-dioxetane 4, a solution of 14b (3 g) in methylene 
chloride (20 ml) was added fairly rapidly to a slurry of silver 
acetate (6 g) in methylene chloride (80 ml). At each addition the 
mixture turned, first red, and then yellow; reaction occurred almost 
instantaneously at room temperature. Five minutes after addition 
was complete, the mixture was filtered rapidly through "Celite" and 
the resulting solution worked up in the usual fashion to yield a 
yellow oil (1.3 g). The oil was distilled at low pressure (5y) and 
the volatile materials dissolved in iso-pentane; repeated crystalli- 
zation of this solution at -78° yielded the product 17, 0.35 g (252), 
m.p. 48 - 50°. LIodometric analysis of this product indicated a 
PuLitys0te99 27% 

The sy NMR spectrum (CDC1.) showed absorptions at 18.6 (s) for 
the methyl protons and 17.9 to 8.7 for the ring protons. The tte 
NMR spectrum (acetone-d) showed absorptions at 22.909 for the methyl 
carbon atoms, 88.337 for the carbon atoms connected to oxygen and 


34.412 and 19.608 for the carbon atoms of the ring. All values are 
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reported in ppm downfield from TMS. 

The molecular weight, as determined by osmometry, was 134, re- 
guired,..142; 

The UV spectrum (cyclohexane) showed a broad maximum at 285 nn, 
€ = 30. The spectrum showed a tail out to 420 nm. 

The IR spectrum (CS,) showed absorptions at 870, 882, 910, 1050, 
1160 561205501380 562850), eands2900 ae An absorption at 1700 a 
was also observed due to decomposition of the sample to diketone; this 


absorption increased in intensity if the sample was left in the beam 


of the spectrometer. 


11,12-Dioxa[4.4.2]propellane 18: 


A> solution of 9-hydroperoxy—10-1odo-trans—decalin 15b, (2°g, 
freshly recrystallized from heptane) in methylene chloride (20 ml) 
was added fairly quickly to a rapidly stirred slurry of silver 
acetate (5 g) in methylene chloride (80 ml). After stirring for five 
minutes the mixture was filtered through "Celite" and the filtrate 
washed once with sodium bicarbonate solution (10%, 20 ml) and once 
with water (20 ml). After drying over MgSO), solvent was removed 
evaporatively to yield a yellow oil (V1.2 g). 

This residual oil was dissolved in pentane and immediately 
transferred to a column of silica gel (12 g) maintained at -50° by 
means of a cooling jacket. The yellow band due to dioxetane was 


eluted rapidly with pentane containing 0.5% ether; fractions collect- 


ed were stored at —78°, After some time, crystals of 18 deposited 
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from several of the fractions, supernatant liquid was decanted off 
and the crystals redissolved in iso-pentane and transferred to a 
glass ampoule. The ampoule was cooled until crystallization was com- 
plete and solvent was removed at 5y using a high vacuum apparatus 

Coss iveectystals vor purcelou(0s 406, 0127), um. p.m 34 — 30. 

Iodometric analysis of the pure material indicated 100.72 of 
the theoretical active oxygen content. 

The total yield of dioxetane isolated from the chromatography 
was obtained by combining all dioxetane containing fractions; these 
combined fractions were made up to 100 ml and a5 ml aliquot was 
titrated by the usual iodometric method. Since it was extremely 
difficult to pipette solutions of pentane at -78°, the aliquot was 
obtained by simply filling a 5 ml volumetric flask. The yield of 


dioxetane was 37%. 


2-Methylene-1l-methylcyclohexyl Hydroperoxide 20, From Reaction of 14b 
with Base: 


A solution of 2-iodo-trans-1,2-dimethylcyclohexyl hydroperoxide 
14b (2.0 g, crude) in methanol was treated with a solution of sodium 
hydroxide (2.0 g) in methanol (50 ml) using a procedure similar to 
that outlined in the previous experiment. The NMR spectrum of the 
colourless oil obtained after work-up showed absorptions at 12.38 


(b, D.0 exchangeable), (5.1 (m), 17.52 - 8.7 forthe ring protons and 


2 


T8.59 (s). These absorptions are consistent with the structure 20. 


A small signal was also observed at 15.35 (b), this was assumed to be 
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due to the presence of the isomeric 3-hydroperoxy-2, 3-dimethyl- 
cyclohexene 19. 

Reduction of the mixture with LiAlH), using the same procedure 
adopted for the reduction of 4 yielded a colourless oil, the NMR 
spectra (CC1,) of which showed absorptions at 15.15 (m), T5.39 (m), 
™T7.6 —- 8.6 and T8.7 (s). This spectrum compares well with that ob- 
tained by van de Sandee for 2-methylene-l-methylcyclohexanol. The 
spectrum also showed a small absorption at T4.7 presumably due to 
the isomeric 3-hydroxy-2, 3-dimethylcyclohexene. 

Distillation of the mixture, obtained by reaction of 14b with 

25 


base, under high vacuum yielded essentially pure 20, Ry = 1.4840. 


Analysis: calculated for C,H, ,0 C967. S/580PE9 935 foundysC2G67637 , 


8°14°2° 
Hrad .95% 


10-Hydroperoxy-A*??-octalin 23: 


A solution of 9-bromo-10-hydroperoxy-trans-decalin 15a (1.25 g) 
in methanol was stirred with a solution of NaOH in methanol as de- 
scribed in the reaction of 5b with base. Evaporation of solvent 
after work-up, and recrystallization of the residue from Skelly B, 
yielded white crystals of 23 (0.8 g, 89%), m.p. 58 - 59°, reported 


1 


M.p. 60°.+ The NMR spectrum (CDC1.) showed absorptions at 13.15 


(b, D,O exchangeable), 14.4 (b) and a broad multiplet between T7.7 - 


2 
8.9. This spectrum was in excellent agreement with that observed 
by gaan 


Reaction of the corresponding iodohydroperoxide 15b under the 


same conditions yielded 23 in 95% yield. 
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J-Acetyi-it-nethyleyclopentane: 21: 
i: From il y2-Dimethyicyclohexene 12: 


Using the method developed by ieee trifluoroacetic anhydride 
(15.3 g) was added slowly to a suspension of hydrogen peroxide (982, 
lef) anamethyiene chilonider(20 ml) sstirredvate0., 

The solution so obtained was added dropwise over a period of 
20 minutes to a solution of 12 (6.6 g) in methylene chloride (100 ml) 
stirred at 0 - 8°. A solution of boron trifluoride-etherate P5076 
8.3 ml) was added simultaneously. After addition was Seiiews aie 
mixture was stirred for a further 15 minutes after which 35 ml of 
water was added. The organic layer was filtered off and washed sev- 
eral times with saturated NaHCO, solution. 

The product, a colourless oil, was obtained by distillation of 
the residue after removal of solvent; product boiling at 50 — 52° 


12 mm was collected, reported b.p. 51 - 51.5°, 12 mm. ics = 1.4458, 


reported ie = AGA SR ace 

The NMR spectrum (CDC1.) showed absorptions at 18.75 (s), 
God aS ealdece, ON now) eeOGethe ring protonsmiie tie rations. c.0), 
Cenected srattoes. 3.0.5 lnessemicarbazone of 21 was prepared, mp. 
138 - 141°; reported m.p. 140 - ine 22 


ae From Reaction of 14b with AgOAc: 
A sample of the yellow distillate obtained in the preparation 


of 17 was allowed to stand at room temperature until the yellow 


colour had completely faded (three to four days). 
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The now colourless oil was dissolved in methanol (2 ml) and 
then added to a solution of semicarbazide hydrochloride (1 g) and 
sodium acetate (1.5 g) in 2 ml of water and 3 ml of methanol. 

A white precipitate which formed immediately was filtered off 
and identified (mixed m.p. with semicarbazone derivative of authentic 
22 218 - 220°) as the semicarbazone of 22. The filtrate deposited 
white crystals on standing at -10° which were recrystallized from 
methanol/water, m.p. 138 — 141°; mixed m.p. with semicarbazone of 


authentic 21, 138 - 141°. 


Octane-1,7-dione 22: 
i. From cis-1,2-Dimethylcyclohexane-1,2-diol 26: 

A small amount of cis-diol 26 (0.5 g) was stirred with lead 
tetraacetate (2.2 g) in dry benzene. After three hours ethylene 
glycol (~ 1 ml) was added to destroy excess reagent and the precipi- 
tated lead diacetate was filtered off. The benzene layer was washed 
several times with water (3 x 10 ml) and dried over MgSO, . Removal 
of solvent yielded 0.5 g of a white solid 22. The m.p. after recrys- 
tallization from Skelly B was 43 - 44°, reported m.p. 44 - fee oS 
The NMR spectrum (CDC1.,) showed absorptions at 17.57 (broad triplet), 


7087 a(s) wand +18s46.(broadyquintuplet) sin «the (ratio s2 «1:3.0:1.9, 


expected ratio 2:3:2. The semicarbazone derivative was prepared, m.p. 


219 - 220°. 
bb? From 1,7-Octadiyne: 


1,7-Octadiyne (Columbia Chemicals, 3 g) in methanol (15 ml) was 
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heated under reflux for 15 minutes with a solution of yellow mercuric 
oxide (1 g) dissolved in 10% sulphuric acid (10 ml). The mixture was 
poured into 10% Na, CO, solution (50 ml) and extracted with ether (50 
ml). Removal of solvent after drying over MgSO, yielded 4.1 g of 
crude solid. Recrystallization from Skelly B yielded beautiful white 
plates (3.5 g, 87.5%), m.p. 43 - 44°. 


iii. From Decomposition of 17: 


A solution of pure, recrystallized 17 (0.1 g) in pentane was 
allowed to Seen at room temperature for five days. The solution was 
then allowed to stand overnight at -10°. Crystals of 22 were deposit- 
ed from this solution. The product was filtered off and the spectral 
properties (NMR, IR) of isolated material were found to be identical 
to those of authentic petanesley- dione 22. The yield of product ob- 


tained in this way was 0.1 g. 


cis-1,2—Dimethylcyclohexan-1,2-diol 26: 
Sy From 1,2-Dimethylcyclohexene 12: 


Pure cis-diol was prepared according to the method of Cricsee ce 
1,2-dimethylcyclohexene 12 (0.45 g) was stirred together with osmium 
tetroxide (1 g) in dry ether (40 ml) for one hour. The mixture was 
then allowed to stand overnight after which time the solvent was 
allowed to evaporate. A solution of sodium sulphite (20 g) in a mix- 
ture of ethanol (25 ml) and water (100 ml) was then added and the 
solution heated under reflux for two hours. The hot solution was 


then filtered and the residue was washed twice with hot ethanol. The 
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washings were added to the filtrate which was heated on a steam bath 
to remove the ethanol. The aqueous residue, after cooling, was ex- 
tracted with methylene chloride (4 x 10 ml). Evaporation of the 
solvent after drying yielded 0.7 g of crude 26. Recrystallization 
from benzene yielded white crystals (0.55 g), m.p. 40 - 41°, reported 
m.p. 36 = BO ee The NMR spectrum (CDCL.) showed absorptions at 18.86 
(s), 78.1 - 8.9 for the ring protons and an exchangeable proton at 
t/,05 in theiratio 3:4:1. 


sixes From Reduction of 17: 


Using a procedure identical to that used for the reduction of 
tetramethyl-1,2-dioxetane 4, 17 (0.1 g) was reduced with LiAlH, yield- 
ing 0.11.9, of .26.)) The NMR spectrum of the crude) materlalvdndicated 
that some water of crystallization was present. The ratio of 
hydroxylic protons to the remaining protons was 1:3.7 instead of the 
expected value 1:7. Hydrate water was removed by repeated evapora- 
tion of the sample with portions of benzene. Isolated material was 
recrystallized from benzene to yield white crystals, m.p. 39 - 40°. 
These did not depress the m.p. of a sample of authentic 26; the 


mixed m.p. was 38 - 40°. 


J, LU-Dinvdroxy—c1s—decaline25: 


a teed From NL ARE 


Si) 


9,10 
Using the method of Criegee, A 


-octalin (0.55 ¢) was treat- 
ed with osmium tetroxide (0.1 g). After hydrolysis and work-up as 


described earlier the crude product was recrystallized from benzene 


tI | a . os 


tied 


v6 aa ,@ntioqua 


old te mariaraqiid- 


S208 & o> hea ste th * 


t a 
dis: ,@y8 
Tr 


me 


Pe 


i 
ew 
, or ; 7 +i OE 
shiv well, alt ‘ag bobo we: 


i 


rl ‘aubeatie, SOT , -onasit= fs ome 
i a 


f 
eS 


ri 
hi ~~ 


rt. recat 
} / 
(Rp, OF x4 ahd eo fit: sms | ysigene ask iz: — cf 
beablehe gaiyah ade jasyve 


yat sin iasewes s. ES, "eo es V0 
a ER = 00.920 te BELO) Ghatecas. titiw behloky smoaned 
4 ? 4 » 7 
: 7 . ons vs 
Maqgoeds Lows le A. OGD) euttrineqe Sy: sit Mei -~&£ iz Dad 
7 
ts. insera: eidsSasndoed By Soe anoderg {als wt wet e. i ed rer <(e) a 
—, | ; 
mea oe feLt ere m ‘2a. r 
: nl ee 
a af 
{ me iyo: “Ft mort = ial 
; : é a 2. te 
Syst wiv, lyeeEu 9£53 rieot Jrabh Swe g07e! ee e 
a Hest awl te Le 0)" hog eesaxeio-t,i- Ligh aes 
i “ 
by iporent ddizaien chvlte 601 2ocqviseeqe Si a ak 3 “3 i. 0 oo 
| - 
; 22 i] nites? Saw win Paar hk] inte. pap valet once ats 
orig t Bid. # enodsega! adic! tet vane of boaters armen 
; na 
-“srogevs j2sc657 u have eeu gedhl seat) ist orien seit 5 
windvafon bsteton. Seoxqst: to braesyiag Bip atqans ae ott 
be — 80 opin pebeteyze oF Fie Sfak p02 sassned, an pact lasee - r 
ne. -at chines 26 Sheree .o ta A oil) Beere ob me 7 sect 
ES ~ BE on liye hexim 
2 a J 
- 7 as 
7 7 = tena —- we 
. 4, 7 
, | 7 sqihe 
ee : 
: a, naw at ta ae 110+" 
_ 


61 


tomieldiwaite crystals (0.6 s¢)of »25, msp.-88 =.89°; .reported (m.p. 
erst 
90%. The NMR spectrum (CCl, ) showed a broad absorption at 18.45 


and an exchangeable.proton at 18.1 (s) in the ratio 7.7:1. 


nal From Reduction of 18: 


A solution of 18 in pentane was added very slowly to a slurry 
of LiAlH, (1 eyeinwether= (50 miytstirredvat =26en wAitersaddttgon 
was complete, the solution was allowed to warm to room temperature 
and stirred for a further 20 minutes. Excess reagent was then des- 
troyed by the addition of KOH solution (10%); insoluble salts were 
filtered off and washed several times with ether. Combined washings 
and filtrate were concentrated using a rotary evaporator and the 
residue was repeatedly evaporated with portions of dry benzene to 
ensure removal of water present as the hydrate. Finally, the res- 
idue was dissolved in benzene and made up to 25 ml; 5 ml of this 
solution was analyzed for diol content using lead tetraacetate sol- 
ution. The yield of diol was found to be 98%, based on the dioxetane 
content of the pentane solution. The remaining sample was concen- 
trated whereupon white crystals deposited. Isolated material showed 
spectral properties (NMR, IR) identical to those of authentic mat- 


erial; the yield of isolated cis-diol was 74%. 


Cyclodecane-1,6-dione 24: 
ite From 25: 
9,10-Dihydroxy-cis-decalin 25 (0.6 g) was stirred with lead 


tetraacetate (2.2 g) in dry benzene (10 ml). After two hours excess 
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reagent was decomposed by the addition of ethylene glycol (1 ml). 
Precipitated lead salts were filtered off and the filtrate washed 
several times with water. The solution was dried and solvent was 
removed evaporatively. The residue was recrystallized from Skelly B 
yieldingewhite plates*o£"24>(0.55"s), mp. 98*-999°sereported mp. 


Gon -wogeke? 


The IR spectrum (CHCL.) showed major bands at 2920, 
i05S01 495501370, PlIsOeMendeliiOkenie. | ThePNMRespectrum (CC1,) 


showed two broad absorptions of equal intensity centred at 17.75 and 


irons 
Rave Large Scale Preparation: 

Larger quantities of 24 were prepared according to the method 
of Suhk ubheeee 


Formic acid (98%, 83 ml) and hydrogen peroxide (30%, 32 ml) 
were stirred together keeping the temperature at 45° - first by 
cooling, then by warming - while fie oe ey ap werhiien (28.4 g) was added 
dropwise over a period of half an hour. The mixture was stirred for 
six hours at 45° then allowed to stand overnight at room temperature. 

Sodium chloride (60 g) and water (200 ml) were then added and 
the mixture was allowed to stand overnight. The solid formate ester 
was then filtered off and was hydrolyzed by adding it to an ice cold 
solution of sodium hydroxide (16 g in 30 ml H,0) . The mixture was 
stirred at 0° for 30 minutes and then at 75 - 80° for a further 20 
minutes. Finally, the mixture was diluted with water (150 ml) and 


the white crystals which precipitated out were filtered off. The 


yield of crude trans-diol 28 was 29 g. 
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The trans-diol so obtained was dissolved in dry benzene (80 ml) 
and an equivalent amount of lead tetraacetate was added. The mixture 
was stirred at room temperature for two hours and then heated under 


reflux for a further half an hour. Ethylene glycol was then added to 


destroy excess reagent and the mixture was allowed to stand overnight. 


The precipitated lead salts were filtered off and the benzene layer 
washed as in the previous preparation. Evaporation of solvent yield- 


ed 25 g of crude dione. 


7-Hydroxybicyclo[5.3.0]decane-2-one 34: 
ah From 15b: 

Silver acetate (9 g) was added slowly, over a period of 30 min- 
utes to a solution of iodohydroperoxide 15b (5 g) in methylene 
chloride (100 milf stirred at 0 to -—10°. | 

Stirring was continued at this temperature for a further four 
hours after which the mixture was filtered through ''Celite" to remove 
the silver salts. The filtrate was washed with 10% sodium bicarbon- 
ate solution (3 x 50 ml) and then dried over MgSO, . Removal of the 
solvent under vacuum yielded a yellow oil (7.8 g). This oil, on 
standing at -10° for several days, deposited white crystals (v 2 g) 
which were filtered off and recrystallized twice from heptane, m.p. 
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The IR spectrum (CCl, ) showed major bands at 3600 (s), 3480 
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The NMR spectrum (CDC1.) showed absorptions at T7.85 (broad 
triplet) for the methine proton, 17.5 (b) for the protons adjacent 
to the ‘carbonyl group and 17.5 - 8.5 for the ring protons. An ex- 
changeable proton was visible at 18.6. The mass spectrum of the 
sample showed a parent peak at 168; major fragments were observed 
tee Orel ae.O Gime Ol) DSi G4 ARO.) Os cand “owt 


i, From Cyclodecane-1,6-dione 24: 


A solution of 24 (0.2 g) in methylene chloride (2 ml) was 
absorbed on silica gel G (3 g) and the mixture was allowed to stand 
overnight at room temperature. The silica gel was then extracted 
repeatedly with ether. Evaporation of the extracts yielded a white 
solid which was shown by TLC analysis to contain starting material 
24 and a compound with an Re value similar to that of 34. This 
material was isolated by preparative TLC on silica gel using Skelly 
B/ether (10:1) as eluent and its spectral properties (NMR, IR) were 


found to be identical to those of authentic 34. 


Bicyclo[5.3.0]dec-1,7-ene-2-one 35: 


Cyclodecane-1,6-dione 24 (0.2 g) was heated under teelue with 
a saturated solution of sodium bicarbonate (20 ml). After one hour 
the mixture was cooled and extracted with methylene chloride (2 x 
10 ml). Evaporation of solvent, after drying over MgSO, , yielded a 
yellow oil (V0.1 g). The crude product was purified by chroma- 


tography on silica gel, fractions were eluted with Skelly B/ether 
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ClO=1 wae [s0lated 35,m2 faintly yellow oil; had no = 1.5251, .re— 
ported no” = 1.5260.7° 

The NMR spectrum (cDC1.,) showed two broad absorptions at 17.13 
ee) Crana tor0 "o.oo vit welledetined peaks at 17.4, 7.55 and To..L5, 
G.2 and 8225: 

The IR spectrum (CC1,) showed major bands at 2940, 2870, 2840, 
bes0 i Gintense, ebroad )ygl450iel430 7813807 21350) 13935 261260 Avand 91050. 

The semicarbazone derivative of this material was prepared, 
the m.p. after recrystallization from methanol/water was 188 - 190°. 

A small quantity (0.2 g) of the hydroxy-ketone 34 was heated 
with aqueous sodium bicarbonate solution under the same conditions. 
The crude product obtained after work-up showed an NMR spectrum 
identical, to, thateot35..— The total product wasstirrediwith a sol— 
ution of semicarbazide hydrochloride (0.1 g) and anhydrous sodium 
acetate (0.15 g) in aqueous methanol (5 ml). The mixed m.p. of a 


sample of the product (recrystallized from methanol) with a sample 


of the semicarbazone of authentic 35 was 188 - Lo0e. 


Spiro[4.5]decane-6—one 32: 


This compound was prepared using a procedure identical to that 
employed for the preparation of l-acetyl-l-methylcyclopentane 21. 
In this way the yield of crude product from Age se aeaieia (8 ¢g) was 
7.1 ¢. Pure material was obtained by chromatography of a small 
sample (0.209) of, crude material, on. silica, gel, fractions, were 


eluted with Skelly B/ether mixture (10:1). 
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The IR spectrum (neat) of purified material showed a strong 
absorption at 1700 ane The semicarbazone derivative was prepared, 


ae SO. TG, aed Vy) aay 


2,3-Epoxy-2,3-dimethylbutane 38: 


A solution of m-chloroperbenzoic acid (4.8 g) in methylene 
chloride (30 ml) was cooled to 0° and a solution of tetramethyl- 
ethylene (1.7 g) in methylene chloride (20 ml) was added slowly so 
that the temperature did not rise above 25°. After one hour most 
of the precipitated m-chlorobenzoic acid was filtered off. Excess 
reagent was destroyed by shaking the filtrate with sodium sulphite 
solution (10%) until the washings gave a negative test with starch/ 
iodide paper. The filtrate was then washed several times with sat- 
urated sodium bicarbonate solution. The solution was then dried 


and fractionated using a 10"' Vigreux column to yield 1.6 g (80%) of 


38, b.p. 87 - 90°, no” = 1.3938. Reported b.p. 90 - 90.5°, no = 
ACN es The NMR spectrum (CC1,) showed a sharp singlet at 18.78. 


9,10-Epoxy-cis-decalin 33: 
SLU 


i From A’? ~-octalin 


Using a procedure identical to that employed for the prepara- 


tion of 38, the epoxide of WS ae eae 33 was prepared in 93% yield 


from 2.7 g of the olefin. The product, a faintly yellow oil, showed 
a band at 840 marl in the IR spectrum. 


The NMR spectrum (CC1,) showed two broad absorptions of equal 
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intensity centred at 18.35 and 18.62. abe = 1.4839, reported no = 
ee ay 
aie From 9-Hydroxy-1l0-iodo-trans-decalin 15b: 


A solution of triphenylphosphine (0.1 g) in CCl) (2 ml) was 
added to a solution of 9-hydroperoxy-10-iodo-trans-decalin 15b (0.1 
g) in CCl), (3 ml) stirred at 0°. No attempt was made to remove the 
phosphorus compounds from solution after reaction. The NMR spectrum 
of the Bolan ected a broad absorption between T7.6 - 8.4. Sol- 
vent was then removed evaporatively and the residue containing the 
crude iodohydrin 15b was dissolved in methanol (2 ml). 1 N sodium 
hydroxide solution was then added (1 ml) and the solution was stirred 
for 10 minutes. Water was added (20 ml) and the mixture was ex- 
tracted with CCl, (3 x 5 ml); this extract was dried and concentrated. 
The NMR spectrum of the extract showed absorptions at 18.35 and 8.62, 
the position and appearance of these signals were identical to those 
Ofso. 1O-epoxy—cis-decaliny35.. ILC analysisjonjsilica cel plates 
showed that isolated material had an R, value identical to that of 


1 


authentic 33 using several solvent systems. 


3-Me thoxy—2, 3-dimethy1l~2-butanol 37: 

2, 3-Epoxy-2,3-dimethylbutane 38 (0.2 g) was mixed with meth- 
anol (V 0.1 g) in a test tube. One drop of trifluoroacetic acid was 
added and the solution was mixed thoroughly. Water (5 ml) and CCl, 
(5 ml) were then added and the organic layer was separated off and 
dried. The NMR spectrum of the solution showed absorptions at 16.76 


(s), 77.25 (b, DO exchangeable), 18.81 and 8.86. 
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3-Me thoxy-2, 3-dimethyl-2-butyl Hydroperoxide 36: 


Bromohydroperoxide 5a (2 g) was treated with silver acetate 
in methanol solution using the same procedure as was employed in the 
preparation of 4. The NMR spectrum (CCL, ) of the reaction mixture 
after work-up showed signals at 18.89 (s), 8.33 (m) and 5.22 (b), 
these were due to the alkylic hydroperoxide 6. Additional signals 
were also present at 18.93 (s), 8.87 (s) and 6.84 (s); the ratio of 
Signals at T6.84 to those at T8.89 and 8.87 was \V 1:4, suggesting the 
presence of 36. A hydroperoxy absorption was also observed at 11.5 
(m). 

The residue was dissolved in methanol (20 ml), and the solution 
was stirred at 0°. NaBH, (1 g) was added and the mixture was stirred 
at 0° for 20 minutes, then heated under reflux for a further 15 min- 
utes. Water was added (50 ml) and the solution was extracted with 
methylene chloride (4 x 5 ml). Evaporation of solvent after drying 
yielded a colourless residual oil. The NMR spectrum of this oil 
(CDC1 4) showed absorptions at 15.0 (m), 5.25 (m), 8.22 (m) and 8.67 
characteristic of the allylic alcohol 39. Signals characteristic of 
37 were also present. Integration of the methyl signals indicated 


that the ratio of EERE was Nw tI iy 


Reduction of 1,2-Dioxetanes by Triphenylphosphine: 


A solution of 4 (0.04 g, freshly recrystallized from pentane) 
in CCl, (1 ml) was added dropwise to an ice cold solution of tri- 


phenylphosphine (0.1 g) in CCl), (25 ml). The yellow colour of the 
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dioxetane was discharged immediately and the NMR spectrum of the re- 
sulting solution showed a very strong absorption at T8./78. The 

major product of the reaction was assumed to be tetramethylethylene 
oxide; this was confirmed by VPC analysis on FFAP. The major product 
from the reaction had a retention time both at 30° and 60° identical 
to that of authentic epoxide. 

A small absorption at T7.9 in the NMR spectrum of the solution 
was attributed to acetone; absorptions at 18.9 (s), 18.25 (d), 15.4 
and T5.1 (broad signals) indicated the presence of 2-methy1l-3-hydroxy- 
P-butene esd... Relatives telds ofiproducts were determined by in— 
tegration of the respective methyl signals. 

In a similar manner 17 (0.04 g) was reduced with triphenyl- 
phosphine (0.08 g) in CCl, solution. The NMR spectrum of the result- 
ing solution showed broad absorptions at T4.12 and at 75.05 and 5.27 
together with signals at T8.3 (d) and 18.7 (s) indicating the presence 
of the isomeric, allylic alcohols 29 and 30. Integration of the 
olefinic signals gave the relative yields of these two materials. A 
small signal at 18.65 (s) was attributed to the cleavage product, 
octane-2,/7-dione 22. The presence of this material was confirmed by 
TLC on silica gel plates, eluting with ether/Skelly B 1:5. 

In the same way, 18 (0.1 g) was reduced to yield a solution 
whose NMR spectrum showed a broad absorption between T7.3 and T8.7, 
together with a small signal at 14.55 (broad). The IR spectrum of 
the solution showed a broad absorption at 3600 any and a small 


carbonyl absorption at 1700 oe probably due to some cleavage 
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product, cyclodecane-1,6-dione 24. 
The major component present was shown to be fCchedrorre aa 
octalin 40 by comparison of spectra with that of authentic material 


and by its behaviour on TLC. The minor component was identified as 


24 by its Re value on silica gel plates using several solvent systems. 


Osteirerse hae oecalin 40: 


This material was prepared from WenydrapecosyoNae sac ralin C8) 
by reduction with LiAlH, in the usual manner. The NMR spectrum 
(CC1,) showed absorptions at 14.55 (b) for the olefinic proton and 


™7.5 - 8.6 for the remaining protons. 


Reaction of Tetramethyl-1,2-dioxetane 4 with Base: 


A solution of the dioxetane 4 (1 g) in methanol (100 ml) con- 
taining sodium hydroxide (1.5 g) and benzene (2.6 8) was stirred at 
room temperature in a flask protected from light. After 72 hours 
the solution was worked up by the addition of water (50 ml) and the 
solution was then repeatedly extracted with pentane. Solvent was 
removed by distillation through a Vigreux column and the residue was 
examined by VPC; (dinonyl phthalate at 70° and FFAP at temperatures 
between 50 - 100°) the only product detected was acetone. Yellow 
crystals were deposited when the residue was cooled to -10°. These 
were shown to be unreacted starting material on the basis of an NMR 


spectrum (CC1,) which showed a sharp singlet at 18.49. 
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CHAPTER II 
OTHER PREPARATIONS OF 1,2-DIOXETANES 


When this work was well in progress, several syntheses of 
compounds reported to be 1,2-dioxetanes appeared in the literature. 
Certain features of these compounds, however, did not appear to be 
fully compatible with the structures assigned them; for this reason 
it was felt that these reports warranted separate discussion. 

A reportedly general synthesis of 1,2-dioxetanes from ozon- 
ation of olefins was investigated in some detail and is also dis- 


cussed in this section. 


71 


> 
i 


1 ta nheae |). 


7 2 q 


mg yore * 


a e* CnC & 


72 


DISCUSSION 


Formation of 1,2-Dioxetanes via Photooxygenation of Olefins: 


The reactions of many olefins, particularly those with phenyl 
substituents, with singlet oxygen yield products arising from 
cleavage of the double bond. As discussed in Chapter I, it is be- 
lieved that many of these reactions proceed via 1,2-dioxetane 
intermediates; more recently, several such intermediates were re- 
portedly isolated in excellent yields. 

Basselier and Le nee reported that photooxygenation of the 
furan derivative 41 led to a peroxidic material which they formulated 
as the 1,2-dioxetane 42. This material, isolated in 80% yield, was 
characterized by reduction to the diol 44 and by thermolysis to the 
lactone 43 as shown in Scheme II. The product, 42, was reported to 
be thermally stable at room temperature but was decomposed at 140° 
yielding the lactone 43 and benzophenone in 84 and 86% yields, re- 
spectively. The decomposition was reported to be violent at this 
temperature and was accompanied by a blue luminescence. The reason 
for the exceptional thermal stability of 42 compared with other 1,2- 
dioxetanes such as 4 is not obvious. 

The reaction of 42 with acidified KI solution to liberate 
iodine, and the reduction of 42 by thiourea to yield the diol 44 are 
consistent with the assigned structure. However, it is not obvious 
how reduction of 42 with triphenylphosphine can lead directly to the 


diol 44. The reduction of 1,2-dioxetanes by organic phosphines has 
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been discussed earlier; organic peroxides normally react with phos- 


phines to yield products arising from oxygen abstraction reactions. 


Scheme II 


(hese xpectedsproducte: tom the: reduction or 4216 so course sine 


epoxide 45. 
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It is possible, of course, that this compound is, in fact, formed 
during the reduction and is converted to the diol during work-up. 
Finally, the physical characteristics of 42 are inconsistent 
with the assigned structure; isolated material was reported to be a 
white solid in contrast to other 1,2-dioxetanes which are yellow. 
It has been demonstrated that this colour is not due to apur eres a 
and it appears to be a general characteristic of 1,2-dioxetanes. 
See has carried out much excellent work on the photooxygen- 
ation of oie materials and recently reported the isolation of 
unusual products, 46, from photooxygenation of substituted 1,1- 


dipheny1-2-methoxyethylenes, eq. [30]. 


[30] 
OCH, 
1 0 YS” 
(C,H, X) 4C = CHOCH Z A 
Xx o~ 
46 


The product arises via a 1,4-addition of singlet oxygen to the styryl 
moiety. Similar 1,4-adducts have been isolated by other Re or 


eq. [31]. 


e sq hag 
wottey oie dotdy nomasernih-G,f vedio od destaons ni Beles eitde | 


*otaiuugn? as sub sen ak swollen atds a547 bogexsemead asad and at ; 
.eoumdexolb-S,! Yo otvebustsetads Lorene 6 sd ot exangge 2k bas 
-oogys0t0iy 9) no) Stow tniioane doiim sue Bakeexs sad Mtoct © 
Yo nohialock siti besreqes yLineost bak aladredam xeLtats Yo aokie 
~5,f Betettiedys io not iaaagyxootony wut ae eetouborg. fsveums, 
| {08} po sane! ehisyrodzaw-S-Dymedgtb 


ae 7 | i a 


fgrysa edt ot asgyxo Jsigate Yo agiitbbs-#,l 0 stv esetrn tovbotg oat 
TA grmbiow toto yd batefoat avad evel! esoubba-del reltabe -iotos 
LIC] -ps 5 


[31] 


The possibility exists that the product, 42, formulated as a 
1,2-dioxetane, is in fact a 1,4-adduct with a structure similar to 
that of 46 or 48. Examples of thermal rearrangements of 1,4-adducts 
to 1,2-dioxetanes are known; for example, Wil sora has obtained good 
evidence that the endo-peroxide 50, eq. [32], is rearranged on heat- 
ing to give the 1,2-dioxetane intermediate shown. Cleavage of this 


intermediate leads to light emission. 
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[32] 


A similar rearrangement could explain the chemiluminescence observed 
by Basselier during the thermolysis of 42 at elevated temperatures. 
Peete oe alac suggested that homophthalaldehyde formed during 
photooxygenation of indene (see Chapter I) arose via cleavage of a 
1,2-dioxetane which was formed by rearrangement of the initially forn- 


ed 1,4-adduct, eq. [33]. 
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The synthesis of a 1,2-dioxetane formed by rearrangement of a 


[33] 


© 


1,4-adduct has recently been Pepe ereneca Scheme III. The initially 
formed 1,4-adduct, 52, obtained from the photooxygenation of the 
cyclobutane derivative 51 was reported to be unstable in the presence 
of even trace amounts of protic solvents. Rearrangement of this 
1,4-adduct gave rise to a second peroxidic compound, formulated as 


the 1,2-dioxetane 53. Prolonged photooxygenation of 51 or 53 led to 
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the formation of a di-adduct which was formulated as the bis-1,2- 


dioxetane 54. 


Scheme III 
| 
j ) 
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Both 53 and 54 appear to have a high thermal stability and 
can be heated to their melting points (180 and 181°, respectively) 
without decomposition. This stability is remarkable in view of the 
behaviour of other 1,2-dioxetanes such as the tetramethyl derivative 
4. However, evidence for the structures assigned to 53 and 54 is 
not compelling; reduction of 53 was reported to yield the correspond- 
ing diol but this diol was not well characterized. A more reasonable 


explanation for the observed facts is that the mono-adduct 53 has a 
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structure similar to that of other 1,4-adducts isolated such as 48, 
eq. [31]. This adduct could then add a second mole of oxygen to 
yield a di-adduct of structure similar to that of 49. 

Another remarkably stable 1,2-dioxetane, 56, was reportedly 
isolated in 85% yield from the photooxygenation of adamantylidene- 


adamant ane 5c Scheme IV. 


Scheme IV 
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The product 56 was a solid which melted, apparently without 
decomposition, at 163 - 164°. Decomposition did, however, occur when 
the product was heated to reflux temperature in ethylene glycol (198°) 


and this decomposition was accompanied by chemiluminescence. 
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Adamantanone 58, the only product detected from the decomposition, 
was isolated in 80% yield. 56 was reportedly inert to sodium boro- 
hydride but could be reduced to the diol 57 upon reaction with zinc 
and acetic acid. The reaction of 56 with LiAlH, US sdLErieu! be toges— 
plain; in view of the high thermal stability of this material it is 
not clear why reaction with LiAlH, should lead to cleavage products. 
Otherwise, however, this material appears to have been well charac-— 
terized. It is worth noting though, that treatment of cyclo- 
pentylidenecyclopentane with triphenyl phosphite ozonide gives rise 
to a product which, although certainly not a 1,2-dioxetane, decom- 
poses at elevated temperatures with simultaneous emission of lebarieve= 
Veryerecentily:, aa reported the synthesis of a comparative- 
ly simple 1,2-dioxetane 60 from the photooxygenation of 2,5-dimethyl- 


2,4-hexadiene, eq. [34]. 


[34] 


/ 
/ 


The spectral properties reported for 60 appear to fit the 


assigned structure. 
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Formation of 1,2-Dioxetanes From Ozonation of Alkenes: 

Recent reports by Story indicated that cleavage products 
rather than normal ozonides were formed on ozonation of alkenes in 
certain aldehydic or ketonic solvents. Cleavage products were 
assumed to arise from decomposition of intermediate 1,2-dioxetanes 
and it was subsequently claimed that, if the ozonation was carried 
out in pinacolone, these intermediates could be isolated in good 
yields. The isolation of several simple 1,2-dioxetanes by this 
method was repitced: in particular, the isolation, in 50 — 752 
yield, of 1,2-dioxa-3-methylspiro[3.5]nonane 63 was reported, 

Scheme V. 

It was claimed that the key Staudinger "Molozonide" inter- 
mediate 62 was reduced by pinacolone yielding the dioxetane; this 
mechanism was supported by the detection of an equivalent amount of 
t-butyl acetate in the reaction mixture after ozonation was com- 
plete. 

63 was reported as a colourless, fairly stable oil which could 
be decomposed by thermolysis at 170° yielding cyclohexanone and 
acetaldehyde. This decomposition was accompanied by a flash of blue 
luminescence. Further characterization of this material was achieved 
by its reduction to the diol 64 on treatment with LiAlH,. 

Because this method was described as a general synthetic route 
to 1,2-dioxetanes it was thought that an investigation of this work 
would be a worthwhile exercise; the simple one-step reaction de- 


scribed represented a marked improvement over the present synthetic 
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Scheme V 
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route to simple derivatives of this class of compounds. Additionally, 
the material isolated by Story was apparently a remarkably stable 
compound and it was not clear why the properties of 63 should differ 
from those of other simple 1,2-dioxetanes. 

It was decided firstly to prepare a sample of 63 by a "con- 


ventional" route and to investigate its properties. 
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RESULTS 


"Conventional" Synthesis of 1,2-Dioxa-3-methylspiro[3.5]nonane, 63: 


Synthesis of 63 was carried out by the usual methods described 
in Chapter I and is outlined in Scheme V. 1-(1-Bromoethyl)-cyclohexyl 
hydroperoxide 65 was prepared in 95% (crude yield) from the reaction 
of ethylidenecyclohexane 61 with DBH and 98% hydrogen peroxide at 
-40°. Reaction of 61 at this temperature was quite sluggish, neces- 
sitating reaction times of several hours. The product 65, a colour- 
less oil which solidified when stored at -10°, was shown to contain 
96.2% of the theoretical active oxygen content. This product was 
subsequently purified by way of the DABCO complex by Lockwood. Pure 
material was a low melting solid, mp. Fan 

Treatment of 65 with sodium hydroxide in methanol gave a 
yellow solution from which the dioxetane, a bright yellow oil!, was 
isolated in ca. 15% yield. Isolated material was purified by several 
low temperature distillations under high vacuum; purified material 
contained 97.8% of the theoretical active oxygen content as estimated 
by iodometric titration. 

The NMR spectrum of 63 (CC1)) showed absorptions at T4.92 - 
(quartet, J = 6.5 Hz) for the methine proton, 18.67 (doublet, J = 
6.5 Hz) for the methyl group and T7.8 - 8.9 for the ring protons. 
When a solution of 63 was allowed to stand at room temperature for 
several days these absorptions disappeared and were replaced by a 


pattern typical of cyclohexanone; the solution at this point was 
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colourless. 

Light emission could readily be observed at 50 - 60° from a 
solution of the compound (5 ml) in pinacolone to which a few drops 
of 9,10-dibromoanthracene (DBA) had been added. Reduction of 63 
with LiAlH), by the usual method yielded a quantitative amount of 
the diol 64. The NMR spectrum of this material (CDC1.) showed a 
clean quartet at 16.42, J = 7 Hz, an exchangeable absorption at 
T7.4, a doublet at 18.84, J = 7 Hz and a broad absorption between 
78.2 — 8.9. The UV-visible spectrum of 63 has also been none iredae 
and is very similar to the spectra of other dioxetanes reported in 
Chapter I. 

The properties of 63 then do not appear to differ significantly 


from those of other.1,2-dioxetanes described in Chapter I. 


Ozonolysis of Ethylidenecyclohexane 61: 


The ozonolysis was carried out using carefully purified 
pinacolone as solvent. The solution was stirred at -45° and a slow 
stream of 0,/N, was bubbled through the solution until ozonolysis 
was complete (as evidenced by a blue colouration of the solution). 
At this point close to the theoretical one mole equivalent of 0, had 
been absorbed. The solvent was then removed by vacuum distillation; 
the distillation flask was maintained at 0 - 5° during the distil- 
lation to avoid any decomposition of unstable products and the dis- 


tillate was collected in a cold trap at -78°. 


The residue so obtained consisted of white crystals suspended 
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in a colourless, viscous oil. 

A small portion of this mixture was separated by filtration. 

The NMR spectrum (CDC1,) of the colourless oil showed a multi- 
plet centred at 14.82 and very broad absorptions at T7.5 - 9.2. No 
doublet could be observed at high field. The NMR spectrum (CDC1,) 
of the white crystals (recrystallized from heptane) showed a fairly 
broad absorption between T7.5 to 18.8. No absorptions were present 
below T7.5. 

The IR Se eeram of the oil showed a broad absorption at 3500 
ene and the compound readily liberated iodine from acidified KI 
solution indicating the presence of a peroxy group. The NMR spectrum 
indicated that DAO exchange had occurred although no exchangeable 
peak could be observed. However, this is frequently the case with 
hydroperoxy compounds. Thin layer chromatography on silica gel in- 
dicated the presence of at least two peroxidic products. 

The IR spectrum of the crystals showed no absorptions charac- 
teristic of hydroperoxy or carbonyl groups, the compound liberated 
iodine very slowly from an acidified solution of potassium iodide. 
This product was shown to be the dimeric peroxide 66 on the basis of 
mixed melting points. The m.p. of isolated material was 129 - 130°, 
reported m.p. 129 - 130°. The mixed m.p. of isolated material to- 
gether with authentic 66 was 128 - 129°. 

A sample of the oil separated from the ozonolysis mixture was 
reduced according to the general procedure for reduction of peroxides 


described earlier. The NMR spectrum of the reduced product resembled 
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that of cyclohexanol, no trace of the expected diol 64 was detected 
by TLC analysis or by VPC analysis (QFl at 90°). 

Finally, solvent distilled from the mixture after ozonolysis 
was analyzed by VPC (Carbowax 20M, 75°) for the presence of t-butyl 
acetate; none could be detected, even if the solvent was carefully 
fractionated using a Nestor-Faust spinning band apparatus before 
analysis. Inspection of pinacolone solutions containing known 
amounts of t-butyl acetate indicated that 1% of acetate was easily 
detectable by this method. This is a surprising result in view of 
the earlier report but has since been confirmed independently by 


other sae 


Chemiluminescence from Ozonolysis Mixtures: 


A few drops of a saturated solution of DBA in benzene were 
added to a portion of the pinacolone solution (10 ml) immediately 
after ozonolysis and the solution was warmed to 100° in a dark room; 
no light emission was observed. Light emission was also tested for 
using a spectrofluorometer with a heated cell compartment; again no 
emission was observed. If however, a small quantity of pure diox- 
etane 63 (ca. 3 mg) was added to the solution,a bright chemilumines- 
cence was readily observed. 

When the oil obtained from ozonation of 61 was plunged into an 
oil bath at 170°, a violent reaction occurred with simultaneous 
emission of a flash of blue light. The NMR spectrum of the residue 


obtained after this treatment showed absorptions similar to those of 
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cyclohexanone. Wirz eats of this residue by VPC (FFAP, 80°) indicated 
that cyclohexanone had been formed in the decomposition. The dimeric 
peroxide 66 was stable at 170° and melted without decomposition. 

Ozonation of 61 was also carried out in both commercial and 
purified samples of pinacolone, using crude ozone/air and crude 
ozone/N, as well as pure ozone/N., mixtures. Colourless oils con- 
taining varying amounts of white solid were invariably obtained and, 
although these samples were not investigated in detail, it was shown 
that none of alae samples contained any of the 1,2-dioxetane 63. 

As a control experiment a small sample of pure 63, ca. 0.2 Bs 
was ozonized in pinacolone containing ethylidenecyclohexane (50 ml) 
at -45° for 10 minutes. A portion of this solution, when heated to 
60° in the presence of added DBA exhibited a bright luminescence 
indicating that the 1,2-dioxetane was stable to the reaction con- 


ditions. 
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CONCLUSIONS 


It seems evident that the compound isolated by Story from the 
ozonation of 61 is not the 1,2-dioxetane 63. 

Luminescence measurements using a spectrofluorometer can easily 
detect 1,2-dioxetanes at a concentration of 10m M; since none could 
be detected in the ozonolysis mixtures the maximum yield of 1,2- 
dioxetane starting with 0.25 M olefin is only 0.04%. 

Whilst it is difficult to disprove the presence of 63 as a 
transient intermediate in the ozonolysis of ethylidenecyclohexane, 
control experiments indicate that 63 is stable under the reaction 
conditions and is therefore probably not formed at all during the 
ozonolysis. 

The ozonation of ethylidenecyclohexane has been investigated 
in some detail by Poclwoodie who found that, while the nature of the 
solvent did indeed affect the nature of the products derived from 
the ozonation of 61, there was no evidence to suggest a direct inter- 
action of solvent with any intermediate formed during the ozonolysis. 
Ozonation of 61 in dimethyl ether yielded a mixture of products 
similar to that obtained when the reaction was carried out in 
pinacolone eolucien: 

It was also reported that ozonolysis of 9,9'-bifluorenylidene 
in pinacolone solution yielded a oe done bane mae These experi- 
ments have since been repeated by ele” who isolated only the 


corresponding dimeric peroxide. 
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Samples of impure allylic hydroperoxides prepared in these 
laboratcries have also been shown to undergo chemiluminescent de- 
composition at elevated temperatures. This property has been ob- 


served for samples prepared by photooxygenation of Phe 


by 
reaction of 8-halohydroperoxides with base and from the reaction of 
triphenyl phosphite ozonide with pier rose: Thesnature of; the wm 
purities leading to luminescence has not been established but it 
has been shown: that pure samples of allylic peroxides do not show 
this property. 

Interestingly enough, peroxidic pePeSted Nope coke ee by Kohler?4 
from the autoxidation of enols were reported to decompose with a 


flash on heating. These peroxides were originally formulated as 


1,2-dioxetanes but are now known to be a~-hydroperoxyketones. 
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EXPERIMENTAL 


Pinacolone: 

Pinacolone as received from Aldrich contained as much as 5% 
impurity. Analysis by VPC (Carbowax 20M, 70°) showed the presence 
(ca. 3%) of a volatile material having a retention time close (but 
not identical) to that of t-butyl acetate. On evaporation of a 
sample of the material a heavy residue (ca: 2%) was obtained. 

The material was purified by drying over anhydrous potassium 
carbonate (this also removed any acidic impurities) followed by 
fractional distillation. A fraction boiling between 102 and 103° 


was collected for use in the ozonolysis experiments. 


Ozone/Nitrogen Mixtures: 


Mixtures of pure ozone in nitrogen were prepared according to 
a method described in the literature.>> The 0,/0, mixture generated 
by a Welsbach ozone generator was absorbed on silica gel (Fischer 
12 ~ 20 mesh) contained in : "U" tube which was immersed in a bath 
at -78°. When ozone breakthrough occurred the tube was flushed for 
several minutes with pure, dry nitrogen. A mixture of pure ozone 
and nitrogen was obtained by slowly removing the "U" tube from the 


cooling bath while flushing the tube with dry nitrogen. 


Ozonolysis of Ethy lidenecyclohexane: 


Ethylidenecyclohexane (1.4 g) was added to pure pinacolone 


(50 ml) in a 250 ml, three-necked flask fitted with a thermometer, 
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an inlet tube and an outlet tube leading to a flask containing 
acidified KI solution. The solution was stirred magnetically and 
cooled by means of a chlorobenzene/dry ice bath to -45°. The flask 
was flushed with dry N, for 10 minutes and then a slow stream of 
0,/N, was introduced through the inlet tube. Ozonolysis was con- 
tinued until a blue colouration appeared in the solution, simulta- 
neously the flask containing KI solution began to darken rapidly. 


Uptake of O in 


3 | 


the tube through two gas-washing bottles in series containing acid- 


was estimated by passing the remaining 0 


ified KI solution. The contents of the exhaust gas flask were 
added to the solution of iodine obtained and the combined solutions 
were made up to one litre. 25 ml aliquots of this solution were 
titrated with standard Na,$,0, solution. The total 0, absorbed on 
the silica gel was then determined by saturating the same tube with 
ozone and passing the total contents through acidified KI solution. 
85%Z of the theoretical quantity of 0, was found to be absorbed in 
the reaction. 

The solvent was removed by vacuum distillation; evaporation 
from the distillation flask was sufficient to cool the solution to 
below 5°. In this way most of the pinacolone could be rencrecee The 
distillate was collected in a cold trap at -78°. 

Pinacolone-free samples were obtained by repeated evaporation 


of the mixture with CCl, at the rotary evaporator. 
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Reductions with LiALH) : 
A solution of the peroxidic material to be reduced (0.5 g) in 


ether (10 ml) was added very slowly to a slurry of LiAlH, (O!#/. a2) 


in ether (50 ml) stirred at -40°. When addition was complete the 


mixture was allowed to warm up and then stirred at reflux temperature 


for 30 minutes. At this time the solution was cooled to 0° and a 
solution of KOH (10%) was added slowly until the ether layer became 
clear. The ethereal solution was then filtered and solvent re- 


moved to yield the reduced products. 


1-(1-Bromoethy1)-cyclohexylhydroperoxide 65: 

This compound was prepared in 95% yield by the methods de- 
scribed in Chapter I. lIodometric analysis of the crude product, a 
colourless oil, showed 96.2% of the theoretical active oxygen con- 
tent. The NMR spectrum (cDC1.,) showed absorptions at ESS (quartet, 
Je=a/sio ne toe om couplet. )J'= /Fhz)eand 16.0)—9o-oOntoLrsties ring 
protons. Traces of another constituent (possibly the dibromide) 
were also present, as evidenced by a small absorption at T7.9 


(doublet). 


1,2-Dioxa-3-methylspiro[3.5]nonane 63: 

To a solution of bromohydroperoxide 56 (2.2 g) in methanol 
(6 ml) was added slowly a solution of NaOH (0.44 g) in H,0 (1 ml) 
and methanol (3 ml). The solution was stirred at 0° for 50 minutes 


and then CCl) (10 ml) and water (10 ml) were added. The CCl, layer 
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was separated off and dried over MgSO,, solvent was removed under 
reduced pressure at room temperature. The bright yellow residue 
was then fractionated under high vacuum (5u) at room temperature, a 
colourless forerun was discarded. The yellow distillate, 0.2 g, 
14% was further purified by a second distillation and iodometric 


analysis indicated 97.8% of the theoretical active oxygen content. 


Cyclohexanone Diperoxide 66 and 1-(1-Hydroxyethyl)-cyclohexanol 64: 


Authentic samples of these materials were prepared by Mr. P. 


A Lockwood. 


Chemiluminescence Studies: 
Chemiluminescence studies were carried out using a Turner 430 
spectrofluorometer with the xenon lamp off. The cell compartment 


was heated by means of an external water bath. 
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CHAPTER III 
THERMAL DECOMPOSITION OF 1,2-DIOXETANES 


Several reports concerning mechanisms for the thermal decom- 
position of 1,2-dioxetanes have appeared in the literature. The 
possibility of a one-step "concerted" mechanism has been suggested 
by eaeeet although no evidence for this process was presented. 
The work of Richardson and hea! however, has shown that the 
activation Re recare for the decomposition of 3,3-dimethyl-1,2- 
dioxetane 8 and 3-methyl-3-phenyl-1,2-dioxetane 67 are experiment- 
ally indistinguishable. This data was interpreted as evidence for 
a two-step mechanism with formation of a biradical intermediate as 


the rate determining step, eq. [35]. 


[35] 
he. I 
Eisen mets, — 
R 
R R 
R= CH, 8 
R= CoH. 67 


In a concerted mechanism the phenyl group would be expected to 
interact differently than the methyl with respect to the developing 
carbonyl bond. 

These authors also showed that calculated activation parameters, 


based on such a two-step mechanism, were in good agreement with their 
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experimental ae Additionally, these authors have reported cal- 
culated activation parameters for several other 1,2-dioxetanes in- 
cluding the trimethyl and tetramethyl derivatives 2 and 4. It was 
of interest therefore, to measure activation parameters for these, 


and other, compounds and to compare the experimental and calculated 


values. 
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RESULTS AND DISCUSSION 


Rates of Decomposition of 1,2-Dioxetanes: 


Trimethyl-1,2-dioxetane 2 and tetramethyl-1,2-dioxetane 4 were 
decomposed in CCl, solution by immersion in a thermostatted bath. 
At least 10 minutes were allowed to elapse to enable the solutions 
to attain thermal equilibrium, then aliquots were withdrawn at suit- 
able intervals and estimated for peroxide content by iodometric 
titration. It was found that the decomposition of both 2 and 4 ex- 
hibited first-order kinetics during two - three half-lives. Some 
decompositions with 4 were also carried out by sealing solutions of 
the dioxetane in glass ampoules. The glass ampoules were immersed 
in a water bath and, at suitable intervals, ampoules were withdrawn 
from the bath for estimation of peroxide content. This method did 
not appear to offer any advantage over the first method discussed. 

Rate constants for the first order deccunoateten of 2 and 4 
were ain aad graphically using the formula of eq. [36], 
[36] Log C. = Log C, - kt 


2.303 


whe re Cy is the initial concentration of dioxetane and Se the con- 
centration at time, t. By plotting the left hand side of the eq. 
[36] against time, a straight line of slope k 4/2303 was obtained. 
An example of the data obtained for the decomposition of 2 
at 39.8° is shown in Table IV and Table V shows similar data for 


the decomposition of 4 at 40.0°. Infinity titres (t = ~) were 


aoie2vperd qua ataueMe 
- oe 

ed ote, 
-Ronmernsc-,{ 10 aot 2tecqneaed 20 enteK 


ojau * onstexolb-S, 1-fxdeentesses bra § onatoxalin$ t-fydsemta? r 


Mal ry i? 
-d3ed bojostecatalt a wi gobetsani « aatauloe gi rt bosoquonsh 


seotiufon ait sidear of s2q6i8 03 bewolls atew ssdyvnia Of genet * 
“sive 26 mmtliilw Stow atoupFia dena  tolztdilivups isewsodd olad3s os a 
shijecehot yd soatvane sbhivousq 102 batemties See alavredat side 
“23 } lem © d30d To aebiieoqmoooh oy said bang? asw 31 .aoksazgis 
ano2 .#avii~?iad esata - ost guisgh 2atientad tebto-texl? bestdéld 
6 anpottuloe amilsse yd Jue belrene cele asow-) detw anotitzoquonab 
Laeraumt srew saluqyum ssatg aff .ealoogim westg nl anatexokb adi 
7 a 

WeElmuiw oarsw 7ovoqes clavieial sliesive is .basa diad 1sijse 6 ak 
bib horigen alii tretnep sblveten Io notiguties vod ddad anf most : 
-boseuoelh bogion 227153 sid reve syasonvia ya otto oF re8ggs seat » 
® bee L to 317) eeqmdsab zehto david? sid v3 gi cndanad sdad _ 


° <a, a 
s.20) .9o to Aiyerod ois getev elifoidgare, betemlias efew 


3, - o gal « Ps gal {k | 


£0e.s i . 


“noo 903 ,7 bas snetexeth Jo nofgassasseco Iniiint silt et o> s 


‘pe 403 to obbe boa 2941 90) patsiofq vB .3 ,smtd 32 notsasd a ae 
a 

‘Seatesdo sew ENE SY al aqolp to snit tdginyie & , amis sentegs fee) 
: eT : 
te : : 
§ Yo aotateoqaoogah sd 102 boainsdo etsh - ic olqmaxa ‘ : 


102 sieb wilate awnde ¥ otdeT Son VI star 7” nwone r 8. ef de 

. bf. 

stow (9) sortan Yhaitel ."0, 08 eo nots soqe 
a 7 my - 7 

4 i _ _ 


_ 


TABLE IV 


Decomposition of Trimethyl-1,2-dioxetane 2 in CCl, ates ono 


Aliquot: 1 ml Titrant: Na,S40, (0801230) 
Run B 6 
ee ee ee ee 
Time (s) Titration (ml) C. (M) -Log,g Ce 
Pee ie ee ee ee ee 
0 OR Lio Ooi 5 0.9450 
1800 92025 0.1060 0 OF 49. 
3600 oie a 0.0946 1, 0281 
5400 TAA 0.0891 1. O50. 
7200 fao2. 0.0811 1.0910 
9000 62775 0.0776 ie aber 
18000 Ge15 0.0484 ia SEAN) 
27000 Dado 00816 1.5000 
~% 90000 (%) ORD 
Blank OFZ 
eS SS 
-5 -l 
From graph, k, = 4./1 x10 8 s 


d 


97 


tS - 


” ; 
x ; 
i) ey 


[om = ‘\ yy 


- _ hs. Pesce 
—= - ay 
. 2 | ; | ah | : 7 pe aeles: 


ai, : : a 


ree 


aT, x ta = 


TABLE V 


Decomposition of Tetramethyl-1,2-dioxetane 4 in CCl, at 40° 


Aliquot: 1 ml Titrant : Na,S,0, (0.02 M) 
Rup Cl 
Time (s) Titra ton Cm.) C. (M) “Log, C. 
0.0 14.35 0.143 0.8432 
360 13.9 0.139 0.8570 
720 ip OF135 0.8697 
1440 2.9 028129 0.8894 
3024 Teel) 0.1105 0.9568 
5148 9.6 0.096 OL OLI7 
8424 ES 0.0675 1.1149 
i? 32 6.5525 0306325 1.1959 
18000 B25 OF03825 P4100 
~ 43200 (©) O22 
Blank O54 
6 -l 


From graph, ka eI Pp es Ne 
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determined by taking aliquots from the solutions of dioxetanes after 
a period of at least six half-lives. First order plots of the data 
presented in Tables IV and V are shown in Figure 4. The rate con- 
stants for 2 and 4 at all the temperatures recorded are presented in 
Table VI. 

The decomposition of 17 and 18 was followed by recording the 
chemiluminescence decay of solutions of these compounds. The lumin- 
escence from dilute solutions of these dioxetanes was too faint to 
be measurable with any degree of accuracy with the available appa- 
ratus. Luminescence however, was considerably enhanced if fluor- 
escers such as 9,10-dibromoanthracene (DBA) were present. It has 
been demonstrated that the presence of such fluorescers does not 
affect the rate of decomposition of dioxetanes in aerated Spies 

Solutions of 17 and 18 dissolved in benzene saturated with DBA 
were sealed into glass cuvettes and placed in the heated cell com- 
partment of a Turner 430 spectrofluorometer. After the solutions 
reached the temperature of the pre-heated cell compartment, the 
intensity of chemiluminescence decayed with first-order kinetics. 

It has been shown for other 1,2-dioxetanes that the chemilum- 
inescence decay rate does in fact measure the rate of Aisa pentatce 


of ij petienaeing, Oe 


The relative intensity (I) of chemilumin- 
escence for a solution of 1,2-dioxetane is proportional to the con- 
centration of dioxetane and the rate constants for the first-order 


decomposition of 17 and 18 could be estimated graphically by plotting 


Log I against time. 
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TABLE VI 


Rate Constants for Decomposition of 2 and 4 in CCl 


4 
Compound Temp. (°C) Method Rate Constant x 10° 

(s~*) 

Js 60.1 rl 484 

2 60.1 di 461 

2) 60.1 1 461 

ve OUy. 1 478 

2 39.8 1 LG Bes 

Zi 39.8 1 46. 

vA 39.8 1 47.9 

4 50.0 uf 2602 

4 50.0 1 2677 

4 50.0 1 26.6 

4 50.0 1 26.4 

4 50.0 uF 26.9 

4 60.0 1 87.4 

4 60.0 J ay Aes 

4 60.0 1 87.4 

4 40.0 1 7426 

4 40.0 1 T2200 

4 52.0 Z 49.7 


1 = Iodometric 


2 = Chemiluminescence decay 
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Examples of the data obtained from the decomposition of 17 
and 18 are presented in Tables VII and VIII, respectively. Infinity 
readings were taken after at least 10 half-lives had expired; data 
presented is corrected for this reading. First-order plots of the 
data presented in Tables VII and VIII are shown in Figures 5 and 6, 
respectively. 

In order to check the accuracy of the method employed in these 
studies, the rate of decomposition of 4 was also followed by this 
method; the rate constant derived by this method is in reasonable 
agreement with those obtained earlier by iodometric methods. It was 
also possible to follow the decomposition of 17 by an NMR method; 
the rate of disappearance of the methyl signal of 17 and the rate 
of appearance of the methyl signal of octane-1,7-dione 22 could both 
be easily followed. Rate constants derived from this method were in 
good agreement with those derived from the chemiluminescence decay 
methods. 

Additionally, the rate of decomposition of 18 was followed by 
iodometric methods. Again, rate constants derived from chemilumin- 
escence decay measurements and from the iodometric studies were in 
reasonable agreement. Solutions of dioxetanes free from DBA or 
other fluorescers were, of course, used for rate determinations by 
both NMR and iodometric methods. The rate constants for the decom- 
position of 17 and 18 are presented in Table IX. 

The chemiluminescence decay rates for degassed samples of 4, 


17 and 18 showed marked acceleration over the rate observed for 
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TABLE VIII 


Decomposition of cis~1,6-Dimethy1-7,8-dioxabicyclo[4.2.0]Joctane 17 


in Benzene at 37.0° 


Run 11 
Time (s) Meter Reading (I) Log Ir Scale 
1800 2165 1.444 x 300 
3600 26.0 bails x 300 
5400 23.4 Us eyal x 300 
7200 20.8 T3318 x 300 
9000 LGeo Lee270 x 300 
10800 16.9 1.228 x 300 
12600 15.4 1.187 x 300 
14400 sESIAN) E.143 x 300 
16200 HBAs) 1.090 x 300 
18000 120 e041 x 300 
20100 ay 0.996 x 300 
22400 oe) 0.949 x 300 
24200 7.4 0.869 x 300 
35000 4.0 0.602 xeoUU 
36 800 3.4 0.531 x 300 
38600 sar O79 x 300 
~ 120000 (~) ez 
From graph, k = 6.17 x hae ae 
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TABLE VIII 


Decomposition of 11,12-Dioxa[4.4.2]propellane 18 in Toluene 


at 29.68° 
Run 15 
Time (s) Meter Reading (T,) | Log I. Scale 
600 18.4 1.2648 , x} 30 
1200 16.0 1.2041 x 30 
1800 14.1 1.1492 x 30 
2400 : 12.6 1.1003 x 30 
3000 tie 1.0531 x 30 
3600 10.0 1.000 x 30 
4200 | 9.1 0.9590 x 100 
4800 8.0 0.9031 x 100 
5400 7.0 0.8451 x 100 
6000 6.3 0.7993 x 100 
6600 5.6 0.7482 x 100 
7200 5.1 0.7076 x 100 
7800 4.5 0.6532 x 100 
8400 4.0 0.6021 x 100 
9000 3.6 0.5563 x 100 
9600 Biz 0.5051 x 100 
10200 2.9 0.4624 x 300 
11400 2235 0.3711 x 300 
12000 ei 0.3220 x 300 
12600 1.95 0.2788 x 300 
13200 1.70 0.2304 x 300 
~ 80000 (~) Om x 300 
From graph, k = 1.89 x ite foe 
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Rate Constants for Decomposition of 17 and 18 


Compound 


1 -— Iodometric 


2 - Chemiluminescence decay 


3 - NMR 


Temp. 
(°C) 


Bee: 
ayes 
D2 
By ae 
50. 
uple 
=y)- 
Doe 
Do: 
ale 
37. 
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29 .68 
29 .68 
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29 .68 
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TABLE IX 


Method 


Concentration 


(M) 


° 


eae ZF oo oS 2] 2 & &| YF 2 & 2 2 2 & S&S f& =] & & 


mo we FP FP SY KY YY KY KY KY DY HY NY NY HB WY YK HD NH 


Solvent 


PEP 6 
Cole 
CEH 
CEM 
CCl, 
CoH 
CoH 
CoH, 
CEH 
Colle 
“ere 
C6He 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 
Toluene 


Toluene 


Rate Constant 


x 10° 


monn nm nm Oo CO Wm MN 
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aerated samples. For example, the half-life of a degassed solution 


containing 10° M4 and ia. 


M DBA was only 20 minutes at 45°. 
Additionally, samples containing a high concentration (greater than 
cas O61 MM) oF eres showed non-linear first-order rate plots. 
An initial rate acceleration was observed before the rate of decom- 
position settled down to a “normal" value. Difficulties were also 
experienced in obtaining reproducible rates at high temperatures. 
For example; the rate of decomposition of 18 at 50.0° was too fast 
to be followed with any degree of accuracy by the method employed. 
These results are in keeping with those observed by Wilson; it 
appears that 1,2-dioxetane is decomposed by excited fluorescer 
(triplet) if oxygen (a very efficient triplet quencher) is absent. 


This induced decomposition of 1,2-dioxetanes is discussed more fully 


in Chapter IV. 


Activation Parameters: 
From the rate data of Table IX and also Table VI the energies 
of activation for the thermal decomposition of 1,2-dioxetanes were 


calculated using the eq. ‘Gye 


[37] Eee S742 567 T,T, Log k, - Log kj) 


A 2 


By 


Enthalpies and entropies of activation were calculated from eq. [38] 


and eq. [39], respectively. 
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[38] AH = EA - RT 
* 
[39] AS = Log ka = 10. /530— Logel se. Ex 
4.576 as 


ty Ome 


Data calculated from these equations is presented in Table X to- 
gether with data on the dimethy1—-1,2—-dioxetane 8. 

The data calculated for the trimethyl-1,2-dioxetane 2 and 
ee ee ere together with data obtained by Richard- 
eel for the dimethyl compound 8, suggests that increasing substi- 
tution of the 1,2-dioxetane ring by methyl groups tends to stabilize 
the system. The experimental value for the energy of activation for 
the thermal decomposition of 4 (25.6 kcal mola) is somewhat larger 
alee) ae value of 24.7 kcal volene calculated for this compound on 
the basis of a two-step biradical mechanism. Initially it was thought 
that 18 might prove to be quite a stable compound since thermal decom- 
position of this material yields a cyclodecane derivative. Formation 
of ten-membered rings is usually an unfavourable process since these 
materials are quite strained due to transannular CH interactions. 

The energy of activation for the decomposition of 18 can be 
calculated using the method of O'Neal and Mhohaataca. Ue! jal a hee] 
assumed that the reaction takes place by a biradical mechanism in 
which fission of the peroxide linkage is the rate-determining step 


(eq. [35]). then E., the energy of activation for the process, is 


IN? 
given by eq. [40]. 
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TABLE X 


Activation Parameters for the Thermal Decomposition 


of 1,2-Dioxetanes 


E 4 
A * 
-1 AH * 
Compound (keal mole ~) Temp. agi AS 
Estimated Experimental (26) (kcal mole ~) ‘(e.u.) 
8 2259 22.9° 
Dae - 2B. 2055 40.0 28202085 -5+1 
4 ia 25.640.3 40.0 25.040.3 ~2+] 
ABE 2283 Dot. 0 37.0 24.4£1.0 +1+2 
eee Dea Reyes We 8) 29 a1 Tipe Wea Se -1.541 


a - errors estimated by substituting extreme values of k and ky into 


eqs [37]: 


b - reference 58. 
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[40] E** 4s AH’ (biradical) - AHE (dioxetane) + E_ 


A 1 


Ei is the activation energy for ring closure of the biradical. 
AHE (b) and AH (d) may be calculated by group additivity meenadaty ae 


Thus, AHE (d) for 18 consists of the group contribution shown below 
8LC(H) 4 (C) 4] + 2[0(0)(c)] + 2[C(0) (Cc) 4] 
= 8(-4.95) + 2(-4.5) + 2(-6.6) 


A correction must be made for the strain energy inherent in the 
four-membered ring. In their thermochemical calculations, Richardson 
and Nesta used a value of 26.0 kcal Shee for the strain energy 
of the 1,2-dioxetane ring; this value must be added to the heat of 
formation of the dioxetane. 

The difference between the calculated heats of formation of 
cis- and trans-decalin is 1.6 kcal aways a since 18 contains a 
cis-decalin system, this value must also be added to the heat of for- 
mation. 

Each oxygen atom in the dioxetane ring is axial with respect to 
one of the Peeranerane rings of the decalin system and therefore has 
two gauche interactions with the ring. This leads to a total of four 
gauche (oxygen) interactions, each at 0.3 kcal mOLCuEE which must 
also be added to the heat of formation of 18. 

It seems unlikely that additional corrections must be made to 
take into account the rigidity of the propellane system. The ring 


correction given in tables for bicyclo[4.1.0]heptane is 28.9 kcal 
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-1 
mole “, only 1.3 kcal greater than the strain energy of cyclopropane 


1 
lt The 1.3 kcal difference is easily accounted 


(27.6 kcal mole 
for by gauche interactions of the cyclopropane ring with the cyclo- 
hexane ring suggesting that the rigidity imposed in bicyclic systems 


does not significantly alter the strain energy. The heat of forma- 


tion of 18 is given by: 


AH (18) 


=O1e Sat 20.00=0 1 cet s6 


any jesab ea 


Similarly, AH (biradical) is made up of the group contribu- 


tion shown below. 
8[C(H) (C)1 + 2[C(0) (C) 4] 


The correction for a cis-decalin system must also be added to the 
heat of formation of the biradical, as must a correction for the four 
gauche oxygen interactions. A fifth interaction between the two 
oxygen atoms must also be added in the case of the biradical. Thus, 


the heat of formation of the biradical derived from 18 is: 


=2204.+)1,0atel.o 


AH’ (b) 


Loeoakcal nOTeas 


Using a value of 8.5 kcal for E the energy of activation for 


aL? 


the decomposition of 18 is: 
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Eos (19.3 +7 3382855 


ZeceeKcar moleas 


Again, this value is a little lower than the experimental value 
Dleco-UeKcaLl noleaa Similar calculations for the decomposition of 
17 lead to a value of 23.2 kcal mole - for the energy of activation 
for this process. This value is again less than the experimental 


value of 24.5 kcal moleaee 
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EXPERIMENTAL 


Solvents: 

CCl) was dried over anhydrous potassium carbonate and redis- 
tilled. Benzene was purified by shaking with concentrated H,SO, 
until the acid layer was colourless. The solvent was then washed 
several times with water and then with saturated sodium Rie teense 


solution; after drying over MgSO, the benzene was distilled from 


4 


sodium. Toluene (MCB spectro grade) was used as received. 


Rates of Disappearance of Peroxide: 


Method A: Solutions of 1,2-dioxetane in CCl), contained in a 
pear shaped flask fitted with a Leibig condenser, were immersed in a 
thermostatted bath and swirled to enable thermal equilibrium to be 
quickly reached. It was shown that the temperature of the solution 
reached bath temperature in less than eight minutes. Aliquots (1 ml) 
were withdrawn at suitable intervals for iodometric analysis. 

Method B: Samples (ca. 2 ml) of solutions of dioxetane were 
transferred to glass ampoules by means of a syringe and the ampoules 
were sealed under vacuum. The samples were placed in a thermostatted 
bath and, at suitable intervals, ampoules were withdrawn from iy! 
bath and quenched at -78°. Before estimation the ampoules were 
placed in a bath at 25° for 30 minutes. Each ampoule was then broken 


open and an aliquot withdrawn for peroxide estimation as before. 


114 


ssssadteotd mutboe basaniiee ee 
govt Batlttets mers 


Hecate ae seo esw (obaag 12 er ons 


pea ¢ 


8 mt bantsia07 a) at ansieaxoth-s, oe enolzviod A bodseM - 
ns ey airbases rsenatnoa gdied 4 duty beath? daw bagede sa9q_ 7 : 
9d 02 myitdiftups Laersrly afdens 03 heltiwa bas died beatetecwxed = 
acituloe silt to stiietegmos Sit aadt wane gew 21 .bedossx ei 7 - 
(im f) efouphiA .reidahe sigis asd? deol od ortitsregeed daad “ie : 
eteylens oly temobol ‘yoi éLavasint ofdsztoe tp meets ku eae - 
stéw onsdsxoib to enobislos to Ua < .2a9) sakont 24 bedseM - ul 
esLoogms a> bon sgadaya 6 16 annie yh silvormm Aonky ot barreshamead | 
boxae32cexsiia 6 ni best ovaw cofqase afT smuonv xobis balese oraw > 
ods adi) ouetbaie stew auluaqes lamest «1a si i - 
stow asluogite sii gobiemises s103ed. -"8N- 38 bedoaewp baw a: 
nedoxd anit? ssw siucgis Aged .asduete OF sot “aS se died a mb & 
srolad as nolssatsie sbixoreg So? avaxtiatw souphe sm bos 


115 


Rates of Chemiluminescence Decay: 


Chemiluminescence decay methods were carried out using a Turner 
Model 430 spectrofluorometer with the xenon lamp source turned off. 
The 60 nm emission monochromator bandwidth was selected to maximize 
sensitivity. 

Method A: Samples were prepared by dissolving either purified 
or crude dioxetane in benzene (2 ml) saturated with DBA at room tem- 


perature (%v 10me M). The samples were sealed into pyrex cuvettes 


which were placed in the heated cell compartment of the spectro- 
fluorometer. Readings were taken at the emission maximum of DBA of 
450 nm at suitable intervals. The cell compartment of the instrument 
was heated by water circulated from a thermostatted bath. The cell 
temperature was checked before and after each kinetic run was carried 
out. 

Method B: The cell compartment supplied with the instrument had 
a very inefficient temperature control system. An improved system 
was designed consisting of a pyrex cell, path length 10 cm, with a 
fused outer jacket for temperature control. One end of the cell was 
silvered and sample was introduced through a wide tube entering the 
middle of the cell. The 10 ml capacity of the cell greatly enhanced 
the light emission and enabled studies to be made on dilute solutions 
of dioxetanes. 

Samples were prepared by adding solutions of dioxetanes (in 

2 


toluene) (1 ml) to a solution of DBA in toluene (108 M). Toluene 


was used as solvent to minimize evaporation losses. The mixture was 
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mixed and poured into the modified cell compartment. Readings were 
taken as before. In both method A and method B, the cell temperature 
was measured by direct insertion of a thermometer into the liquid 


filled cell or Ravetce: 


Rate of Disappearance of 17 by NMR Spectroscopy: 


A solution of 17 (0.1 g, recrystallized) in CCl, contained in 
a sealed NMR tube was placed in the heated probe of a Varian HA 100 
instrument. The concentration of 17 present at any time was moni- 
tored by comparing the height of the integration signal for the 
methyl protons of 17 to the total integral, since this did not change 


during the experiment. 
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CHAPTER IV 


_ FORMATION OF ELECTRONICALLY EXCITED STATES FROM CLEAVAGE 


OF 1,2-DIOXETANES 
INTRODUCTION 


The observation of chemiluminescence during thermal decompo- 
sition of 1,2-dioxetanes indicates that at least some of the products 
generated are formed in an electronically excited state. 

When dioxetanes are decomposed thermally in the presence of 
fluorescer, a more intense, different coloured luminescence matching 
the fluorescence spectrum of the fluorescer is peeer veda This en- 
hanced luminescence if the presence of fluorescer molecules such as 
biacetyl, DBA, diphenylanthracene (DPA) and rubrene demonstrates 
that energy released in the cleavage of 1,2-dioxetanes can be trans- 
ferred to suitable acceptor molecules present in the system. A pos- 


sible mode of energy transfer is shown in Scheme VI. 


Scheme VI 
oy 
= oO O Oo 
OO ee 
ene —— 
* 
oO oO 
x 
Jk + Acceptor nd 2S + Acceptor 
x 
Acceptor ——— Acceptor + hv 
* 
Acceptor Saas Acceptor 
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This scheme, as written, implies formation of an eximer on decompo- 
sition of the 1,2-dioxetane 4. Formation of this eximer may or may 
not occur, however, the excited state generated in the decomposition 
can itself emit light or transfer its energy to an acceptor molecule. 
The excited acceptor may then, depending on the structure, emit light 
or undergo a photochemical transformation. 
This latter phenomenon of "Photochemistry without Light" was 

first investigated by wires who utilized the energy available from 
the Aenea tion of 2 to initiate several photochemical reactions, 


eq. [41] to eqee[43]. 


[41] 
Z 
[42] 
) 
Wi) a coiemnhcey Mae 
A / \ 
$ ) ) 
[43] 0 0 
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64 
Ullman’ has also carried out similar transformations using the 


dioxetane-dione 1, eq. [44] and eq. [45]. 


[44] 


[45] 


OEt 


Yields of photoproducts from all these reactions were very low, about 


5% at best based on the initial quantities of 1,2-dioxetane. 
Figure 7 shows, schematically, the energy available for the 
decomposition of 1,2-dioxetanes. The energy released on decomposi- 


tion of trimethyl-1,2-dioxetane 2 (AH,) has been calculated from eq. 


are 


[46] AH, = AHE (products) - AH (reactant) - EA 


AH for the dioxetane was calculated from Benson's group additivity 


method; such calculations indicated that the transition state for 
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Figure 7. Energy Available (AH) from Decomposition of 


1,2-Dioxetanes 
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decomposition of dioxetane lies 88 kcal above the ground state of 
products. The first excited singlet state of acetone is estimated 
at v 84 kcal above the ground preted thus, sufficient energy is 
released on decomposition of 1,2-dioxetanes to generate one excited 
acetone molecule per molecule of dioxetane decomposed. 

A problem which has received much recent attention is the 
question of the efficiency at which excited states are generated. 

In other words, does each dioxetane molecule yield one excited state 
upon decomeaei tian? The indications are that this is not the case; 
the low yields of photoproducts obtained in eq. [41] to eq. [45], 
imply that the energy available for cleavage of 1,2-dioxetanes is 
very inefficiently utilized. 

Estimates of the efficiency at which excited states are gener- 
ated from thermal cleavage of various 1,2-dioxetanes vary and some 
reports are apparently contradictory. White”? estimated a yield of 
4% of excited states capable of sensitizing the isomerization of 
trans-stilbene, eq. [42], from decomposition of 2. Similarly for the 
photoaddition of ethyl vinyl ether to phenanthraquinone, eq. [45], 
ieee calculated a chemical sensitization efficiency of 4% for the 
dioxetane dione l. 

However, Widens suggested that decomposition of cis-diethoxy 
-1,2-dioxetane 10 gave rise to excited formate in quantitative yield. 
This estimate was made on the basis of light emission measurements 
made when the dioxetane was decomposed in the presence of fluorescer 


molecules with known fluorescence efficiencies (DBA and DPA). White? 
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also made light emission measurements for trimethyl-1,2-dioxetane 2 
in the presence of an europium complex fluorescer. Under these con- 
ditions, he estimated a 14% yield of excited states from the decom- 
position of this compound. He also claimed that light emission from 
10 under the same conditions was less than 1% of that from the tri- 
methyl compound. 

These varying estimates of excited state production suggest 
the interesting possibility that perhaps the structure of 1,2- 
dioxetanes can influence the efficiency at which excited states are 
generated. 

The photoproducts observed in eq. [41] and [43] are character- 
istic of triplet photochemistry, implying that energy transfer in 
these systems occurs from triplet excited acetone. Additionally, the 
chemiluminescence yields of both 8 and 10 are markedly greater with 
9,10-dibromoanthracene (DBA) than with 9,10-diphenylanthracene (DPA), 
in spite of the much higher fluorescence efficiency of the ee ce 
This also implies involvement of triplet excited states, whose energy 
DBA is more capable of converting into singlet energy than is DPA, 
because of the increased spin-orbit coupling and mixing of singlet 
and triplet states due to the heavy atoms. 

Triplet states were at first assumed to arise via intersystems 
crossing from initially formed singlet states. However, Wilson could 
find no evidence for formation of singlet formate from 10. 

Direct evidence for the formation of singlet states is, of 


course, observable in the luminescence spectrum of 2 which matches 
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the fluorescence spectrum of acetone. Also, light emission from 
firefly luciferin and from lucigen (see Chapter I) occur from the 
singlet state of the products formed. Light emission from the 
luciferin/luciferase system is very efficient, ca. 90%, making this 
probably the most efficient chemiluminescent system. 

irene?” devised a very elegant method for the estimation of 
both singlet and triplet acetone formed by decomposition of tetra- 
methy1-1,2-dioxetane 4. trans-Dicyanoethylene 68 yields completely 
different products with singlet and triplet acetone, namely the 


oxetane /0 and cis-dicyanoethylene 69, respectively, eq. [47] and 


Ni Oo 

(CH) 400” + = eS . 
NC NC “CN 

70 


68 


egenlaol. 


[47] 


[48] 


(CH:,) CO ae SESE cere nity Ir 
NC NC CN 
69 


Knowledge of the limiting quantum yields for these reactions allowed 
measurement of the limiting yields of singlet and triplet acetone, by 
extrapolation of a plot of the yields of 69 and 70 (formed in the 
presence of decomposing 4) to infinite concentration of 68. At this 


point all the singlet acetone could be trapped before intersystems 
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crossing occurred. From these experiments the yield of singlet 
acetone was estimated at 0.3%, while that of triplet acetone was \v 
502. 

It seems possible, then, that structural effects influence not 
only the yield, but also the nature of the excited states formed in 


the decomposition of 1,2-dioxetanes. 
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RESULTS AND DISCUSSION 


Photolysis of acenaphthylene 71 gives rise to a mixture of cis- 


and trans-cyclobutane derivative dimers, eq. [49]. 


[49 ] 


The structures of these dimers are well eat able siedtce and there is 
considerable evidence that, whilst acenaphthylene in the singlet ex- 
cited state gives rise almost exclusively to the cis-isomer 72, 
triplet excited acenaphthylene leads to a mixture of dimers contain-— 


(re The exact composition of 


iNeei OT od. Of theytrans isonet on 
the mixture depends upon the solvent used. The products of the 
reaction possess absorption maxima in the ultraviolet at 219 and 225 
nm, respectively; hence, the composition of mixtures of 72 and 73 is 
easily determined by UV spectroscopy. 

Thus, examination of the yields and composition of products 
formed by decomposition of 1,2-dioxetanes in the presence of Sees 
concentrations of 71, provides an indication of the relative yields 
and nature of excited states generated in the thermolysis of these 
materials. 


It was proposed to carry out thermolysis of 1,2-dioxetanes 4, 


17 and 18 in the presence of acenaphthylene to determine if any 
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differences existed in the yields and nature of the excited states 
formed. 

Acenaphthylene was purified according to the method of Schenck, 
by recrystallization of the picrate derivative. Pure samples of cis- 
and trans-dimers were also prepared in order to check the spectral 
characteristics of these materials. The preparation and purification 
of these materials is described in the experimental section. 

Benzene solutions containing dioxetane and acenaphthylene, con- 
tained in aires ampoules, were degassed by several freeze-thaw cycles 
at 5u and the ampoules were sealed. Thermolysis of 1,2-dioxetanes 
was achieved by immersing the ampoules in a water bath at 95 - 100° 
for 15 minutes. A bright yellow emission of brief duration (~ 5a= 
10 s) was observed during this thermolysis from solutions containing 
high concentrations of 1,2-dioxetanes (~ LSOEM) TeeThetsourcertosethis 
emission is unclear since acenaphthylene is reported to be non- 
ide repeat sie Perhaps the emission occurs from an eximer of ace- 
naphthylene. Eximer emission has been observed from solutions con- 
taining high concentrations of aromatic molecules; usually such 
emissions are observed at longer wavelengths than the normal fluor- 
es cence apetiron, Le This emission was not observed from solutions 
containing concentrations of ipazarxeeane of 0.1 M or less. 

The cyclobutane derivative dimers 72 and 73 were separated 
from starting material by preparative TLC on silica gel using cyclo- 
hexane as solvent. The yields of products and the composition of 


the dimer mixtures so obtained were determined by UV spectroscopy 
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according to the method of Cowan and Teel ey The results of these 
experiments are presented in Table xI, 

To check the efficiency of the product isolation procedure em- 
ployed in these experiments, a solution containing weighed quantities 
of the cis- and trans-acenaphthylene dimers (cis:trans v 0.3) was 
analyzed by UV spectroscopy and then subjected to the same prepara- 
tive TLC and extraction procedure. The solution so obtained showed 
the same spectral distribution as that of the starting solution al- 
though the optical density of recovered material was somewhat dimin- 
ished, indicating that the cis-trans ratio of products had not changed 
during the procedure but V 5% of material had been lost. The product 
yields quoted in Table XI are corrected for this small loss of mater- 
ial. 

Dimer-containing solutions, as extracted from the preparative 
TLC plates were invariably reddish-brown coloured indicating that 
some impurities (possibly oxidation products of acenaththylene) were 
present. To ensure that these materials were not interfering with 
the UV analysis, control experiments were carried out by heating 
solutions containing only acenaphthylene under the same conditions 
of the dioxetane thermolysis experiments. The samples were then 
chromatogrammed on silica gel plates as before. Small quantities of 


brown material, having the same R, value as that of the products 72 


f 
and 73, were extracted from the plate after elution with cyclohexane; 


this material showed a small absorption between 219 and 225 nn, 


having an equal optical density at both points. The effect of such 
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TABLE XI 


Sensitized Dimerization of Acenaphthylene in Benzene at Vv 98° 


Dioxetane Concentration (M) 0) x 107 
= App 
4 Oe b 2.4 
4 OF1 Ree 
4 1.0 269 
4 1.0 oan 
ai} 1.0 es) 
Agi 0.1 Psp ss) 
18 1.0 148 
18 Oel 1.4 


Acenaphthylene concentration = 1.0 M. 
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App 


= Moles of product per mole of dioxetane decomposed. 


cis:trans ratio 
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impurities then, is to raise the apparent cis:trans ratio of the 
products obtained in the dioxetane thermolysis experiments. 

It was unnecessary to apply a correction for these impurities 
in the case of solutions containing appreciable quantities of dimers, 
such as were obtained from the thermolysis of solutions 1.0 M in 
dioxetane. A small correction was applied, however, to the yield 
and cis:trans ratio of products from experiments using 0.1 M diox- 
etane. 

The optical density of solutions derived from thermolysis of 
solutions ame in dioxetane, however, was of the same order as the 
blank, making yield determinations impossible. 

The apparent quantum yields om (moles of product per mole of 
dioxetane decomposed) of products derived from the thermolysis of 
dioxetanes 4, 17 and 18 are all quite low, between 1 - 3 x ee: 

18 however, ae give rise to consistently lower yields of 
photoproducts than do the other 1,2-dioxetanes studied. 

The ratio of products 72 and 73 formed during the photolysis 
of acenaphthylene is highly solvent dependent. From the triplet 
sensitized photolysis of acenaphthylene in benzene solution, Schenck 
isolated a mixture containing 85% of the trans-dimer, 73 (cis:trans 
Lacio. Gaal 7s Analysis of the products isolated from the dioxetane 
sensitized dimerization of acenaphthylene (Table XI) indicated that, 
in each case, the mixture of dimers isolated contained > 85% of the 
trans-isomer, 73. This suggests that the dimerization proceeds via 


transfer of triplet energy from excited carbonyl fragments. White 
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reached a similar conclusion based on experiments in which he uti- 
lized the energy available from the thermolysis of trimethyl-1,2- 
dioxetane to sensitize the dimerization of Bcerapnthelene ame 

An outline of the reactions leading to the dimerization of 


acenaphthylene in these experiments is shown in Scheme VII. 


Scheme VII 


* 
ye 5k (i) 


* * 
Rt reed HS a NG (ii) 


* 
A +A —— AA Gas) 


x 
A —~A (iv) 


The multiplicity of the excited ketone (K") generated by decomposi- 
tion of dioxetane (D) is jaeeepceiei eds A and AA represent ace- 
naphthylene and acenaphthylene dimer, respectively. On the basis of 
a similar scheme, prea formulated an expression for the apparent 
quantum yield Die a for the dioxetane sensitized isomerization of 


trans-stilbene, eq. [50], 
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where awe * is the efficiency at which dioxetane cleaves to yield 
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excited states, ®_, the quantum yield for the energy transfer step 


ET 


(ii) and is the photochemical yield for the sensitized photol- 


Photo 


ysis of A. It is not possible to obtain a value for eral from the 


experiments with acenaphthylene, since Poh for acenaphthylene is 


oto 


not known. 
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White estimated a value of 0.04 for eae for the sensitized 
isomerization of trans-stilbene; it is possible that this low value 


indicates that other reactions are also occurring, Scheme VIII. 


Scheme VIII 
& * 
D+A ——~K +K+A (v) 
* * 
K +D —+» K + 2K (vi) 


* 
A+K —— oxetane (vii) 


Reactions (v) and (vi) are photoinduced decompositions of the diox- 
etane and tend to reduce the concentration of dioxetane without in- 
creasing the number of excited states formed. 

It was found (Chapter III) that the rates of chemiluminescence 
decay of degassed solutions of dioxetanes containing DBA showed 
marked acceleration over those of aerated samples. This effect had 
previously been noted by Wilson, who also observed that the chemi- 
luminescence yields from degassed samples were less than those of 
aerated Seen oe These observations were explained by assuming 
that triplet DBA, excited via energy transfer from triplet carbonyl, 
sensitizes the decomposition of dioxetane, (v) in Scheme VIII. In 
aerated samples, however, triplet DBA is efficiently quenched by 
dissolved oxygen. 

Reaction (vi) can also account for the initial rate accelera- 
tions observed for concentrated solutions of dioxetanes. Induced 
decomposition of dioxetane by excited carbonyl fragments is quite 


likely when high .concentrations of dioxetane are present. 
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Clearly, then, for maximum chemical sensitization efficiencies, 
low concentrations of dioxetane and high concentrations of acceptor 
molecules are required. Unfortunately, it was found that dioxetane 
concentrations of less than 0.1 M were impractical in these experi- 
ments with acenaphthylene as substrate. Small amounts of impurities 
formed during the isolation of products tended to mask the spectrum 
of the dimers formed when only small amounts of dimers were present. 

When olefins are used as acceptor molecules another reaction, 
the Sayers rae renecion ten is also possible (vii) Scheme VIII. 
This reaction, as it is normally carried out, is probably not feas- 
ible in the case of acenaphthylene since it would be impossible to 
photolytically excite most ketones in the presence of acenaphthylene. 
Ketones are excited at ~\ 310 nm and acenaphthylene would absorb very 
strongly at this wavelength. 

Clearly, though, excited carbonyl fragments generated in situ 
by decomposition of 1,2-dioxetanes are capable of undergoing photo- 
cyclization additions to olefins. Turro has, in fact, demonstrated 
this reaction. 

Rates of intersystems crossing are relatively slow for ali- 
phatic ketones so that these molecules can undergo reactions from 
both singlet and triplet excited sates In general, oxetane form- 
ation can varise) from the addition of either Singlet or triplet ex— 
cited carbonyl compounds with olefins. However, in cases where the 
triplet energy of the carbonyl compound is higher than that of the 


olefins (and this is often the case for simple aliphatic ketones), 
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oxetane formation is inefficient compared to energy transfer. For 


some such cases low yields of oxetanes are still observed, and these 


products are believed to arise from addition of carbonyl in the 


: , 73 Pak 
singlet excited state. Any oxetane products arising from the ther- 


molysis of 1,2-dioxetanes in the presence of acenaphthylene, then, 
would almost certainly be formed by addition of ketone in the ex- 
cited singlet state. A search was made for products arising from 


Paterno-Buchi reactions such as the oxetane 74. 


The remaining part of the preparative TLC plate, after separation 


of the portion containing the dimers 72 and 73, was extracted with 


benzene and the concentrated extract analyzed by VPC. Carbowax 20M 


and SE30 columns were used at various conditions for the analysis 


but only acenaphthylene could be detected. 


Photocyclization of 1-(2,4-Dimethylpheny1) propane-1,2-dione 75b: 


The triplet sensitized reaction of 1-(o-tolyl)-propane-1,2- 
76 


dione 75a is reported to proceed with a quantum yield of 0.8, eq. 


[51]. The high quantum yield for this reaction makes 75a an attrac- 


tive choice of substrate for chemical sensitization reactions. It 


was decided to carry out chemical sensitization experiments with 


12 


, 7 
_— 
t69 . 19 pwr carte uf we ia ra 5 anole! 2 iam oe 


| Av 
f - 7 
905224, bus ', bovtsnt fa Lee Se Benbd oh lo. bans I 


aly ai \taanihpes= tm 10 iy ibbe ond Seren, ot = a 

-rhdt “aad aot? aniterae’ erouhoary arm tts gm | ‘wee para 
gheild- ,ooe! yah ooen, Se, seutadsag ait at. SStK siaeiiial | to rea 
vay it, 24 ouS. Zu de Tex ua bamra} 24 nities aie  bip 70% 
makt-Saleriz. uw cae (oa? piiee, Gow Cydean 4s a ive. pata os e312 


STR Seo fa Gaeroup ae nw hat oe 


i 7a 


ae 


~oPievecst Tests , stalg- U7 $e) mei sii 3 95 cay anand “a4 


a 
- 


dite fetonidcs, set FEU Gon 21. vii, at’ gots ecines ante salts 
HOt ewotkaD, Vd besyline castes, basastsy ep aren tes wwe se 
ai 3 = i nT, 76] er re at a) ‘AY 1s ena 43308 swans, O SaReb f 2 


, 
ages2st al ofots avcomledary neon fete 3 


- vere 


*de} dacth=. f ay: Kivhertel dite tani 2 Siok 6 ' i eT ufos - 
ay ae ——ae —— ee 1. 1 _—e 


et T f~onaqar ty behgi—wy- ar" ie PeyeeTe a 
= 0 tp reek yon ths a uh 
( ut 
ewtine “ok sys cea 26% 
# an 6 
stHobten caliexd) banal: feniane 
- ‘ * P 


ele; |S fee 
Wesexs. dolie 


Ses me gt & 


ee 


this material to check the results of the experiments with ace- 


naphthylene. 
[51] 
hv 
nee 
R 
Thy 
yo Gree 
b, R= CH 
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Since methods for the synthesis of 75a seemed somewhat te- 


Ppp SO) it was decided to prepare 75b instead since a compara- 


tively simple route to this compound could readily be envisaged, 


Scheme IX. 


Scheme IX 


AIC1,, CH,Cl, 
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The presence of a p-methyl group should not affect the photochemical 
properties of 75. 

The selenium dioxide eet aei ened of dimethylpropiophenone 
proved difficult; although some of the desired product was found (as 
observed by NMR spectroscopy and by the bright yellow colour), large 
amounts of starting material remained in the mixture and these could 
not be separated by distillation. 

An alternative route, via the a-oximidoketone 78, proved more 
successful. ‘Although subsequent hydrolysis of this oxime proceeded 
in poor yield, the product could easily be separated from starting 
material by filtration. The product was purified by vacuum distilla- 
tion. 

An alternative procedure for the hydrolysis of oximes using 
lead tetraacetate” was tried, but a complex series of reactions 
occurred and no identifiable products were obtained. 

Best yields of the dione 75b were obtained when the hydrolysis 
of the oxime was carried out in the presence of sodium Seqapmecs 

Chemical sensitization experiments using 75b as a substrate 
were carried out using the same techniques employed in the ace- 
naphthylene experiments. Yields of the cyclized product 76b were 
estimated by VPC analysis on FFAP at 190°, using anisyl alcohol as 
an internal standard. Relative peak areas for product and standard 
were measured using a planimeter. Apparent quantum yields of photo- 
products derived from these experiments are shown in Table XII. 


Using eq. [50], and assuming that Pho for this system is 
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TABLE XII 


Sensitized Photocyclization of 75b in Benzene Solution 


Dioxetane Concentration Temperature Acceptor ?, 
(M) (°C) Concentration PP 
(M) 
4 1.7 ~ 100 0.7 
ab? Ta) veed5 0.7 
EEG: Or) ~ 60 0.7 
4 1.0 ~ 100 ¥.0 
18 1.0 ~ 100 1.0 
® = Moles of product per mole of dioxetane decomposed. 
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0.8; the value of 6.6 x 1007 for tetramethyl-1,2-dioxetane 4 corre- 
sponds to a value of 0.08 for Po: (Under the conditions of the 
experiment, oT = 1.) This value, while still low, is somewhat 
higher than values obtained by White’? and Gilman from similar ex- 
periments. Again, as observed in the acenaphthylene experiments, 


chemical sensitization using 18 seems to lead to lower apparent 


quantum yields of product. 


Thermolysis of cis-1,6-Dimethy1-7,8-dioxabicyclo[4.2.0Joctane 17: 


The yields of photoproducts obtained in earlier experiments 
were all fairly low, possibly because quantum yields for product 
formation in these reactions depended on several steps, eq. [50]. 

A more direct way of measuring yields of excited states de- 
rived from thermolysis of 1,2-dioxetanes would be to design a system 
in which the excited carbonyl fragments generated on thermolysis 
could themselves undergo photochemical reaction. 

Excited octane-2,7-dione 22 formed by decomposition of 17 is 
capable of undergoing Norrish type II pleavavean to yield acetone 
and the unsaturated ketone 80, Scheme X. 

This type of cleavage is observed in the mass spectra of 22; 


major fragments at 84 (P-(CH CO) and 58 (P-CH,:CHCH COCH,). How- 


3)2 2 Z 
ever, quantum yields for this type of cleavage in aliphatic systems 
are usually quite small (~v aye” Nevertheless, it was felt that 


even trace amounts of acetone formed would be detectable by VPC. 


Pure 17 for thermolysis experiments was purified by two 
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recrystallizations from iso-pentane followed by sublimation; solu- 


tions of this material at concentrations varying from 1.0 M to 10 “M 


in various solvents were. degassed and sealed into glass ampoules. 
Thermolysis experiments were carried out by immersing the ampoules in 
boiling water for © 10 minutes, after which time the ampoules were 
cooled, broken open, and the contents analyzed by VPC using FFAP and 


dinonyl phthalate columns. 


Scheme X 


cleavage 
ae ae fe, 


The initial choice of solvent for the thermolysis, carbon 
tetrachloride, proved to be an unfortunate one. Degassed solutions 


of 17 in CCl, darkened appreciably on heating at 100° and, on stand- 


i 
ing, deposited oily droplets. The major product from the reaction, 


isolated by preparative TLC on silica gel, was found to be l-acetyl- 


2-methylcyclopentene 79. This material was identified by its 
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spectral properties and by comparison with authentic material. 

This same product also arose from the direct photolysis of 
octane-2,/7-dione in CCl, solution; it almost certainly arises from 
an acid catalyzed condensation of 22 brought about by traces of HCl 
formed by photolysis of solvent. 

Numerous solutions of 17 in various hydrocarbon solvents were 
prepared and subjected to thermolysis under the usual conditions; 
however, careful analysis of the solutions after reaction failed to 
reveal the presence of acetone. VPC traces of the solutions some- 
times showed two to three small peaks but no peaks larger than 
1/3000 the area of the peak due to 22 were observed. 

Samples of purified 22 were subjected to thermolysis experiments 
under the same conditions as were used for the thermolysis of 17. VPC 
analysis of these solutions usually showed small peaks at retention 
times similar to those observed in solutions from the thermolysis of 
17 indicating that, probably, these peaks were due to impurities. 

Direct photolysis experiments were also carried out on 22 by 
photolyzing solutions of the diketone in cyclohexane for varying 
periods of time. VPC analysis of the resulting mixtures indicated 
the presence of complex mixtures; small amounts of acetone could, 
however, be detected. 

It would appear then, that Norrish type II cleavage is not a 
major photochemical reaction of octane-2,/7-dione. Since little is 
known about the photochemistry of 22 perhaps dioxetane 82 would be a 


better choice for the purposes of observing direct photochemistry 
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from excited carbonyl fragments, eq. [52]. 


[52] 


* 


82 81 


The quantum yield for formation of 4-pentenal 81 from photolysis 
of cyclopentanone at 313 nm is One Turro has utilized this system 


: : 84 
to carry out actinometry experiments. 


Effects of Fluorescer Concentration on Chemiluminescence Quantum 
Yields: 
Reactions leading to fluorescence from a solution containing 


dioxetane and fluorescer are represented by Scheme XI. 


Scheme XI 


* 
Ro ge aC (iii) 
k 
* 
A cntahys A (iv) 
* ke 
A — Athy (v) Chemiluminescence 


A mechanism such as Scheme XI leads to the expression outlined in eq. 


[53], % 
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where Q, is the fluorescence efficiency of A, and aan St em Cie tics 


luminescence quantum yield. Since the chemiluminescence intensity 
R is proportional to the quantum yield, a plot of 1/R versus the 
reciprocal fluorescer concentration should be a straight line. 

The chemiluminescence intensity was measured from solutions of 
dioxetane containing various concentrations of fluorescer. Tables 
XIII and XIV show the results of light emission measurements from 
solutions of tetramethyl-1,2-dioxetane 4 in the presence of DPA and 
DBA, respectively. 

Samples for these studies were prepared using techniques previ- 
ously described in the kinetics section (Chapter III). Cell tempera- 
tures were adjusted so that the rate of decomposition of dioxetane 
was very slow and an essentially constant flux of photons was obtain- 
ed. Figure 8 is a plot of the data obtained with tetramethyl-1,2- 
dioxetane 4 in the presence of DBA and DPA. 

The plot of ONT oe versus 1/[A] for DBA is linear in the range 
1000 to One M fluorescer indicating that the fluorescence of DBA 
occurs via excitation by one species of excited state. : The mark- 
edly enhanced light intensity from solutions containing DBA over 
those containing DPA is indicative that excitation is occurring via 
energy transfer from triplet parvony eeae 

The slope of the DPA plot is approximately the same as that of 


i 


DBA in the range ihe Se) oe hey M fluorescer indicating that, in 
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TABLE XIII 


Chemiluminescence Yields from Tetramethyl-1l,2~-dioxetane 4 


Added Fluorescer: DPA Dioxetane Concentration: 0.011 M 
Temperature: 45° Solvent: Toluene 
Fluorescer Concentration [A] as Reading 1/R 
(M) [A] (R) 
10-4 10,000 ones 2. 
yee ship 5,000 0. Qe 
107> 1,000 Le 0.91 
A a iin 500 2.65 0.38 
sie) 200 3.8 0.26 
2 ile 125 5.85 0.17 
108c 100 7 0.15 
Boo 50 9.1 Onl! 
Tome 17 StS 0.20 
Oue 10 2.5 0.4 
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TABLE XIV 


Chemiluminescence Yields from Tetramethyl-1,2-dioxetane 4 


Added Fluorescer: DBA 


Temperature: 45° 


Fluorescer Concentration [A] 


Qo 


2x10 


8 x 10 


a ~- sample degassed 


Dioxetane Concentration: 


Solvent: 


Toluene 


02 


eS & S&S & & > & 


O11 M 


1/R 


403 
.017 
011 
.0077 
.0073 
.00725 
.014 
eH 
.013 
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this concentration range, excitation is occurring via energy transfer 


14 


from the same excited species, namely triplet carbonyl. 


‘However, at higher concentrations of DPA, ? og 


M, a change 
in the slope is observed implying that a different species of ex- 
cited state, singlet carbonyl, is being intercepted. Since DPA is 
very inefficient at converting triplet energy to singlet, at these 
concentrations the majority of the fluorescence from this material 
occurs via excitation by singlet carbonyl. These results contrast 
with those of hehehe who observed no change in slope of a similar 
light intensity plot from solutions containing cis-diethoxy-1, 2- 
dioxetane 10 in the presence of DPA. It was inferred that, even at 
a fluorescer concentration of 0.1 M, excitation of DPA occurred 
solely via energy transfer from triplet formate. 

These results are, however, open to some question since concen- 
tration quenching (self quenching) severely reduces the light inten- 
sity from solutions containing high (> 107? ) concentrations of DBA 
or DPA (see inset in Figure 8). This effect can be observed visually; 
solutions of DPA at concentrations below 107? M appear bluish and have 
a definite fluorescent appearance. At higher concentrations the sol- 
utions appear yellow and lack this fluorescent ea a! 

Thus, readings taken by Wilson at 0.1 M fluorescer concentration 
have little significance. Additionally, no readings were taken at low 
concentrations of DPA. Hence, there is insufficient data to infer 
that the plot of reciprocal light intensity against reciprocal fluo- 


rescer concentration shows no change in slope. 
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Quantum Yields: 

Estimates of the chemiluminescence quantum yields from solutions 
of 1,2-dioxetanes were made by comparing the intensity of emitted 
light, R, with that of a luminol light standard. I, the number of 


photons emitted per ml per second was calculated from eq. ae 


[54] ie Se 


ScR'dt 

where R is the spectrofluorometer reading for the dioxetane sample, 
R' the reading for the light standard, and L the number of photons 
emitted per ml from the light standard. One ml of luminol solution 
having an optical density of 1.0 at the absorption maximum of 360 nm 
is reported tovemit 9775 £.0./-x Ke srefieng 

Figure 9 shows a typical plot of light intensity versus time 
for a 10 ml sample of the light standard, using the same cell as was 
used for the chemiluminescence measurements with 1,2-dioxetanes. 
The value of sor'dt (the average of four such plots) was 1240 (arbi- 
trary units). 

The number of photons emitted per molecule Qh is given by eq. 


[55], where k, is the first-order rate constant for decomposition of 


d 


I 
[55] Ce eee 
ch k, [D] x 6.023 x 1022 


dioxetane and [D] the concentration of dioxetane in one ml of solution. 


Chemiluminescence intensities of solutions containing 1,2- 


dioxetane and fluorescer are shown in Table XV. ‘Two factors tend to 
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reduce the fluorescence intensity of these samples; i, quenching of 
fluorescence by dioxetane and; ii, quenching of fluorescer by dis- 
solved oxygen. It has been shown that 1,2-dioxetanes quench the 
fluorescence of molecules such as Mister i. and a however, at 
the low concentration of dioxetane used during these experiments, 
this quenching effect is quite small (< 1028 

Quenching of fluorescence by dissolved oxygen is more important, 
especially when the fluorescer molecule is DPA. Wilson has demon- 
strated pace fluorescence of an aerated solution containing DPA 
is © 20% weaker than that of a degassed Sa Oxygen does not 
effectively quench fluorescence from solutions containing DBA because 
the lifetime of the singlet excited state of this compound is much 
shorter than that of ppa./? 

Table XV also shows the number of photons emitted per molecule, 
oo? from four 1,2-dioxetanes in the presence of fluorescers. The 
values of on for solutions containing DPA include a correction for 
the effects of quenching by dissolved oxygen. 

@. for a solution containing dioxetane and fluorescer is given 


ch 
by eq. [56]. 


[56] oy) = © * oO. © 


Extrapolation of the plot representing the quenching of singlet 
excited acetone by DPA in Figure 8 should lead to a value for the 
quantum yield of singlet excited acetone from 4. Thus, eae be- 


comes ® At infinite concentration of DPA all excited singlet 
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states are quenched and so are = 1. The corrected fluorescence 
reading, R, at this point is 15.0. 
Substitution of this value into eq. [54] leads to: 


_ 15 x 0.015 x 9.75 x 1014 


1240 =1.77 x 1075 photons “oe Ss 


ui 


23 5 3 


At 45°, k,[D] x 6.023 x 10°° is 1.41 x 10 ~ x 0.0108 x 10 ~ x 


23 13 


6.023 x 10 ~, i.e. 9.17 x 10°~ molecules mie a and therefore, 


ch 
Peoore 1073 photons moleculer= Substitution of this value into the 
modified eqia(sey leads to Ply cal abs eo bd 107? since ®, for DPA is © 
more 
A value for the quantum yield of triplet excited acetone from 4 
may be estimated by extrapolation of the plot representing quenching 


of triplet excited acetone by DPA in Figure 8. The quantum yield of 


chemiluminescence, under these conditions, is given by eq. [57]. 


[57] oy) Mats eer 


where a 


S is the efficiency at which transfer of energy from triplet 


excited acetone leads to singlet excited DPA. An estimate of this 
efficiency is fosenet At an infinite concentration of DPA, the 
corrected value of oh DW ja the) oi< 10m photons Aetecrheae This leads 


to a value for © OLe0 .93% 


D*°K 
These results are in good agreement with those of ferro 29° who 
estimated the yields of singlet excited acetone and triplet excited 


acetone formed on thermolysis of 4 at 0.3% and 50%, respectively. 


The quantum yield for the formation of triplet acetone can also 


cst 
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be calculated from the light emission measurements using DBA as 
fluorescer. The chemiluminescence quantum yield from a solution of 


aN DBAgis, 22.3 x tana photons molecule -. 


4 containing 10 
Substitution of this value into eq. [57] leads to: 


-3 
, 8022, 3tX910 


3 
p+3k oe 


Q, for DBA at 20° is Sein however, it is probable that the fluor- 
escence efficiency of this compound has a negative temperature co- 
efficient similar to that of 9,10-dichloroanthracene (pc1a) . 8? The 
corrected value for ®, at 45° is Doda According to Vassil'ev's 
eee the rate constant for energy transfer from a triplet 
carbonyl to singlet DBA is Vv 3 x 10° ie aa i.e. about 100 times 
slower than the allowed, diffusion-controlled triplet-triplet trans- 
fer. This suggests that the value of Pog ieey ide oee however, 
substitution of this value in eq. [57] leads to a value of ~ 30 for 


© Since the maximum of excited states that can be generated 


D+3K* 
from decomposition of a 1,2-dioxetane molecule is one, this value is 
clearly impossible. 
Omer | 
More recent experiments indicate that the value for Pres? ob- 
tained from Vassil'ev's data, is too low and that the correct value 
‘for this quantum yield is 0.3. Substitution of this value into eq. 


[57] leads to a value of 1.06 for ee this is a much more reason- 


3K? 
able result and is in good agreement with results obtained by other 
eockers aos 


From calculations based on Vassil'ev's figures, Wilson concluded 
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that thermolysis of cis-diethoxy-1,2-dioxetane 10 led to a quantita- 
tive yield of triplet excited porate ree However, if it is assumed 


that the correct value for 2, is 0.3, Wilson's experimental results 


+S 


lead to a value of 0.03 for 9% in the case of dioxetane 10. 


D+3K 

This value is more reasonable since it is in agreement with her 
quantum yield of chemiluminescence from solutions of 10 containing 
DPA (see Table XVI); furthermore, this value is also in agreement with 
observations by Whi cen who demonstrated that the chemiluminescence 
quantum yield from 10 was much smaller than that from trimethyl-1,2- 
dioxetane 2. 

Plots of 1/R versus 1/[A], similar to those shown in Figure 8, 
for solutions of 18 containing DBA and DPA (Figure 10), enable Qely 


and © to be calculated for this compound. The extrapolated 


D>°K 
values of R for the plots representing quenching of singlet and trip- 
let ketone are 1.12 and 0.34, respectively (both values corrected 

for the effect of quenching by dissolved oxygen). These values lead 


2 and "60 *x roa respect- 


to values for Ply and Ph 3K Of 62 (9 =F10 » 
ively. 

These results do show convincingly that decomposition of 18 
leads to a lower yield of excited states than does decomposition of 
i The yield of triplet ketone formed by decomposition of 18 is less 
than one tenth of that derived by thermolysis of 4. This lower yield 
of excited states could perhaps be explained on the basis of "eximer" 


formation as outlined in Scheme VI. Decomposition of 18 could yield 


a very tight “intramolecular eximer" in which two carbonyl fragments 
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TABLE XVI 


Yields of Excited Carbonyl Fragments from 


Thermolysis of 1,2-Dioxetanes 


Dioxetane Fluoresecer Pele ome) 3K 
Je DPA Oleg = 
25 DBA = 0.457 
4 DPA 193 O53 
4 DBA - 1.06 
ih DPA OF = 
ALTE DBA = 0.748 
Ls, DPA 0.03 0.088 
oe DBA = 0.065 
10 DPA = 0203 
10 DBA | - 0.07° 


| 


a - Calculated from the data in reference 14, using a value of 0.3 for 
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are held together by the framework of the molecule. Energy transfer 
from such a complex may be less efficient than from an isolated ex- 
cited ketone. 

However, plots of 1/R versus 1/[A] for solutions of 18 with 
DBA and DPA show the same sort of behaviour as was observed for 
tetramethyl-1,2-dioxetane 4. Figure 10 shows plots for solution of 
18 and 4 in the presence of both DPA and DBA. The close similarity 
of the behaviour of 18 and 4 suggests that similar excited states are 
being intercepted by fluorescer in both cases. Eximer formation, 
then, cannot account for the low yield of excited states generated 
on thermolysis of 18. 

The slopes of both the DBA and DPA plots in the case of 18 are 
steeper than the corresponding plots derived from thermolysis of 4; 
a factor of two to three in relative slope for both fluorescers. 

The slopes of the plots in Figure 10 represent k,/k, (Scheme 
III). Since the plots derived from decomposition of 18 are steeper 
than the corresponding plots for 4, this suggests that excited states 
generated by thermolysis of 18 have shorter lifetimes than the cor- 
responding excited states of acetone and, hence, less will be inter- 
cepted by added fluorescer. This would, of course, reduce the chemi- 
luminescence yield from 18, but this factor alone is insufficient to 
account for the extremely low chemiluminescence yield for this com- 
pound. Even at infinite concentration of DPA, where all excited 
singlets are quenched, the extrapolated yield of photons is still 


only *0003—x ome photons per molecule. 
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Figure 10. Effect of Fluorescer Concentration [A] on the Relative 
1/R Intensity of Chemiluminescence from 1,2-Dioxetanes. 
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The yields of excited triplet and excited singlet carbonyl 
fragments generated during thermolysis of 2 and 17 were also esti- 
mated. These values, together with the results for 4, 18 and 10, 
are shown in Table XVI. It was assumed, for the purposes of these 
calculations, that thermolysis of 17 and 18 led to excited states 
having equal lifetimes; a similar assumption was made concerning 
the lifetime of excited states generated by thermolysis of 2 and 


4, 
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CONCLUSIONS 


The results of the chemiluminescence experiments confirm earlier 
eaeccerinnean that cleavage of 1,2-dioxetanes leads directly to trip- 
let excited carbonyl fragments. The results listed in Table XVI in- 
dicate that thermolysis of 4 and 17 lead to similar yields of ex- 
cited state products; somewhat lower yields of excited state products 
are generated during thermolysis of 2 and 18. In particular, the 
yield of singlet excited ketone derived from 18 appears to be exceed- 
ingly small. 

aaa has proposed what he terms a “"diabatic pericyclic" 
mechanism for the decomposition of 1,2-dioxetanes, in order to explain 
the high yields of triplet excited states formed during thermolysis of 
these materials. This mechanism may loosely be described as a "con- 
certed" mechanism. However, if it is accepted that triplet excited 
ketone can add, perhaps by a two-step mechanism, to an olefin (the 
Paterno-Buchi reaction) yielding an oxetane; then there seems no 
reason why the reverse reaction, yielding triplet ketone, should not 
occur in the case of 1,2-dioxetanes. There is some evidence for a 
two-step biradical mechanism in the thermal decomposition of 1,2- 
dioxetanes, (see Chapter III). 

The driving force for formation of triplet excited products 
could be the lower energy of these excited states compared with the 
corresponding singlet states. The energy of the lowest triplet state 
of acetone, for example, is V 76 kcal agi compared with % 84 kcal 
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The energy available from the decomposition of 1,2-dioxetanes 
(AH ,) appears to influence the yields of excited states formed. The 
available energy is made up of the enthalpy change during the reaction 


(AH) plus the energy of activation E,, Figure 7. The energies avail- 


AZ 
able from the decomposition of 2 and 4 have been calculated using 
group additivity methods similar to those described ear ie plo A 
similar approach enables values for the energy available from decom- 


position of 17 and 18 to be calculated. For example, the energy 


available from thermolysis of 18 is: 


AH?(24) - AH2(18) - E, 


AHE for 18 has already been calculated at -33 kcal moleaps 
AH, (24) = 8{C(H),(C) 9] + 2[C(0)(C),] + ring correction 


The ring correction value for cyclodecane is not listed in Benson's 
tables but ring corrections have the same value as the ring strain 
energy for ring sizes from six to see A reasonable value for the 
ring correction for cyclodecane, then, is +13 kcal moleare However, 
the ring strain in cyclodecane-1,6-dione 24 is probably less than 
this, since the presence of two ont centres reduces the transannular 
CH Cpigeape ene OY Space-filling models show that, although 24 is 
quite a "crowded" molecule, it is certainly less crowded than cyclo- 
decane itself. Studies by Turneces on the heats of hydrogenation of 


cyclic alkynes indicate that cyclodecene, a compound with two adjacent 


spe centres, is less strained than cyclodecane. 
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The value of 13 kcal is therefore a maximum value for the ring 
strain of 24; the actual value must lie somewhere between O and 13. 


The minimum value for the heat of formation, then, is given by: 


AH (24) = 8(-4.95) + 2(-31.5) + 13 = -89.6 kcal mole i 


The minimum value for AH, from thermolysis of 18 is therefore 
=89.6 + 33.0 - 22.9 = -79.6 kcal nolene The available energy must 
clearly be greater than this, since this value is insufficient to 
allow formation of singlet excited states, and singlet excited states 
are observed qariae thermolysis of 18. 

Table XVII lists values for the energies available from the 
thermolysis of 1,2-dioxetanes. The results listed in Tables XVI and 
XVII indicate that there is a relationship between the available 
energy and thetyietd of excited states generated by thermolysis of 
1,2-dioxetanes. 

Further support for this relationship is found in results ob- 
tained from the photolysis of 1,2-dioxetanes. The direct photolysis 
of 4 is reported to proceed with a quantum yield of ion It was 
found that the yield of singlet acetone formed during photolysis was 
much higher than that formed from the thermolysis. Furthermore, the 
yield of singlet excited acetone was found to increase as the energy 
of the excitation light was increased; excitation of 4 with 366 nm 
light resulted in a 10% yield of singlet acetone whereas excitation 


at 240 nm led to a 35% yield of singlet excited product. In other 


words, the yield of singlet acetone was influenced by the amount of 


ps nme nn 
£1 baie O powered srodwmque att June sutav Lawton add (ah 30: abetia” 
ied movkg ot ,meds <2 aierad So toad od? 10% sulev smumbate oat 


a yy are 
stom Sait 9.00 w EE + REIS + (OR.AYe * ~ (OS) 


diy Vine te 
sxctorads of BL te staviomeaslt moitt MA 70% onfev swmtabe edt 
jeum yetare sidsliaves -oT "ete tase 2.9% = O88 - 0.8 + 3,08 

o2 tnstoiPiwant 3x —~swlew elds stnta ,aidt nat vetse1g ad yDusela 


esdate batioxs tolgata hds ,metotr bettons aelpake feo noktacxo? wolfe — 


26 lo abaylowzeds gatxeb bevisado om 

oct) mox} oldailava wshgveno sili to? <oylay sgabl ITVX ofdet 
boa IVK asldel at bedelt edfuaet edt. .conetsapib-S,I to ébebonalelty 
sideliave ot maewisd qifenoligies « et exer sna steotbat TIVE 
to atevlicarzedd yd botereneg saosaye betioxe to Siety adit bas ygtene 
, eens iexorb-£ 1 

~d0 etlvact mt bavot ak qideneitete: afilx 10? stoqqua redsqwt 
skeylotedy tosvth eff .asnetexotb-$,i te ateylotore eta sort benkss 
asv a1 “6.1 to Bisby muntinaup 6 tate besvosg of: besroqet al.) Yo 
sew eteyletodg gniwb bemyo? smotsie talenia to bisty sas’) tady bewod 
oid ,oramredsavt = .eleqlomteds odd mort beere? sedy neds tedgld roe 
Wists of4 as szadrout od bev? eaw suodton betinas jelgute to Sleky 
wz WE dtkw \ So sokisstexs phsesess0t enw artgt! colzestoxe sid Yo 
notiqitoxe accrsdy snodeon tekgate to blehy XOL & at besiveenaitgil 
9dio MI .touberq bettexs tulanie © biehy HE © oF bet an OAS gn 
30 satay i, Haha aa sendin een te: Soh ett 
| - 


oa 


Fa - 
at 


rae 


ie 


159 


TABLE XVII 


Available Energy from Thermolysis of 1,2-Dioxetanes 


Dioxet ane (HY - E,) (keal moleee) 
4 93.42 
2 89.3 
17 94.3 
18 79.6 - 92.6 


i Wier pe pi of.) 30 PGR 


energy supplied to the system. 


1,2-Dioxetanes as Light Standards: 

The calibration of photocubes in instruments such as spectro- 
fluorometers is usually a tedious procedures’) Liquid light standards 
(secondary standards) provide the most convenient method for this 
calibration since these standards duplicate the geometry of the cells 
or cuvettes used for experimental determinations. However, the two 
types of liquid light standard available suffer from many disadvan- 
tages. The luminol light standard described earlier is particularly 
difficult to use. Although the light output from this system is 
quite high, the emission is of very brief duration (see Figure 9) and 
considerable dexterity is necessary to obtain reproducible light 
emissions. 

The radioactive light standard described by Hest iee ae gives an 
essentially constant flux of photons but such standards necessarily 
have very low intensities. The light emission from such standards 
is, in fact, too low to be of use in the calibration of less sensitive 
instruments. 

A solution of dioxetane containing a fluorescer may provide an 
Brereeti ve alternative secondary light standard. The number of 
photons emitted from a solution of 4 containing a known concentration 
of DBA could be determined by absolute neat This solution 
would then be an extremely convenient secondary light standard. 


Solutions of 1,2-dioxetanes emit an essentially constant flux 
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of ererone at moderate temperatures (25 - 45°) and the intensity of 
this emission is much higher than that of the radioactive light stan- 
dards. Solutions containing 1,2-dioxetanes may be stored at -10° for 
months without appreciable deterioration, however, deterioration does 
not affect the usefulness of the standard. In practice, it would 
merely be necessary to estimate the concentration of dioxetane in the 
Standard emitted and the temperature of the instrument. The number 


of photons emitted male ae from the standard could then be calculated. 


EXPERIMENTAL 


M.C.B. spectrograde toluene, Fisher spectrograde cyclohexane 
and benzene were used without further purification. DBA was used as 
supplied by Aldrich Chemical Co.; DPA was kindly supplied by Dr. K. 


R. Kopecky and was recrystallized from toluene before use. 


Acenaphthylene 71: 


| Acenaphthylene Teceivéedtfiron-Aldrich wastdarkwinescolour; mp. 
80 - 85°. It was first recrystallized from ethanol with decolouriz- 
ing charcoal. A solution of recrystallized material (13 g) in hot 
ethanol (400 ml) was slowly added to a solution of picric acid (24 g) 
in boiling ethanol (1,000 ml). The mixture was heated on a steam 
bath until the solution was completely clear, then allowed to cool 
at room temperature. The beautiful pale-orange needles of picrate 
derivative that precipitated were filtered off and recrystallized 
from ethanol. The yield of pure derivative was 25 g (782%). Crystals 
of the picrate derivative were decomposed by stirring with dilute 
ammonia solution; the bright yellow hydrocarbon which was filtered 


off was washed repeatedly with dilute NH, solution until the washings 


3 
were colourless. Finally, the hydrocarbon obtained in this way was 
recrystallized from ethanol to yield 8.9 g (70%) of yellow crystals, 


mep mo le= 920. reported m.p. 92 — oyee.- 


Acenaphthylene Dimers 72 and 73: 


A solution of acenaphthylene, purified via recrystallization 
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of the picrate, (8 g), in cyclohexane (200 ml) was photolyzed for 72 
hours using a 200 W medium pressure mercury lamp equipped with a Pyrex 
glass filter in an immersion well apparatus. After 72 hours the 
photolysis was by no means complete; nevertheless, the solution was 
removed from the photolysis vessel which was then rinsed twice with 
boiling benzene. The solution plus washings were evaporated to dry- 
ness and the residue was washed twice with hot cyclohexane to remove 
unreacted acenaphthylene yielding \ 4 g of mixed dimers. cis-Dimer 
was obtained by boiling the residue with cyclohexane; the solution 
was decanted from the residue and allowed to cool. The crystals 
which deposited from this solution were filtered off, dissolved in 
benzene, and a saturated solution of picric acid in benzene was added. 
Splendid, deep red crystals of the picrate formed when the solution 
was allowed to stand for a few hours. These were filtered off, re- 
crystallized from benzene, and decomposed with ammonia solution in 
the usual fashion. The hydrocarbon so obtained was recrystallized 
from cyclohexane (using activated charcoal) to yield white prisms of 
tiescis-dimer, mp. 231e— 232>.)) Pure strang-ieomer was obtained by 
repeatedly extracting a portion of mixed dimers with hot cyclohexane; 
the residue after extraction was recrystallized several times from 
peneene solution to yield fine white needles of trans-dimer, m.p. 
320g— 321072 

Samples of 72 and 73 for UV analysis were prepared in the 
fashion of analytical samples. All glassware was washed with concen- 


trated sulphuric acid, rinsed thoroughly with distilled water, dried 
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in an oven and cooled in a vacuum dessicator. Glassware used for 


weighing was thereafter handled only with clean tongs. 


eisebimersi2: epnen= 1. A4ex 10°, eee See ex ‘are reported 
eu Mie 2 asta Oba cae meheO0 x410 SLs 

trans-Dimer 73: enue = 76 o08x 101 exer = 1.22 10°; reported 
este =a 2 500% nome ears = 1.19 x Te cmie 


Dioxetane Sensitized Dimerization of Acenaphthylene: 

Pure, crystalline samples of 4 and 17 were used in these ex- 
periments; samples of 18 used contained 5 - 10% impurity (chiefly the 
dione 24) and were estimated for dioxetane content immediately before 
use. Samples for the sensitization experiments were prepared by dis- 
solving appropriate quantities of dioxetane and acenaphthylene in 
benzene. One ml samples of solutions containing 0.1 M dioxetane were 
prepared; samples containing concentrations of dioxetane of 0.1 M 
and 10°? M were made up to 10 ml. Blank samples were prepared by 
dissolving appropriate quantities of acenaphthylene in benzene; both 
one ml and 10 ml samples were prepared. 

The solutions were transferred to scrupulously cleaned pyrex 
ampoules and were degassed by six freeze-thaw cycles at 5u. The 
sealed ampoules were then heated at 95 - 100° in a water bath for 15 
minutes to allow complete thermolysis of the 1,2-dioxetanes. Emission 
of a bright yellow light was observed during the thermolysis of sol- 
utions containing concentrations of dioxetane V 1.0 M. 


The ampoules were then allowed to stand at \ 8° for several days 
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until the majority of the products 72 and 73 had precipitated. The 
precipitated dimers were filtered off and washed with ice cold pen- 
tane to remove all traces of acenaphthylene. 

The filtrate was applied to a silica gel preparative TLC plate 
which was eluted in the dark using cyclohexane. Two such elutions 
were usually required to separate acenaphthylene from the dimers 
formed which were visualized under UV light as a purple line close 
to the bottom of the plate. 

Silica gel containing absorbed product was carefully scraped 
from the plate, transferred to a soxhlet thimble and extracted for 
eight hours with boiling benzene. The extract was evaporated to dry- 
ness, then cyclohexane (10 ml) was added and the mixture again evap- 
orated. This procedure was repeated three times to remove all traces 
of benzene from the extract. The residues so obtained were extracted 
repeatedly with boiling cyclohexane. Combined extracts were filtered 
and, after cooling, were combined with the precipitated dimers and 
made up to 100 ml. These solutions were then diluted to give solu- 
tions suitable for analysis by UV spectroscopy. 


TRemG Tea ieenet ry or eche: bl anin (10mm eam lame eae 


iene 0.293, was of the same order as those samples prepared from 
solutions containing 107? dioxetane. For example, the optical den- 
sity of a sample prepared from a solution containing ine M 4 was; 
ee aie hee 0.34. For this reason, data from solutions contain- 


ing 10° M dioxetane was not included in the results. The blank 


absorbance was subtracted from the absorbance of samples prepared for 
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solutions containing 0.1 M dioxetane; corrections were unnecessary 
for samples prepared from solutions containing 1.0 M dioxetane. A 
correction was added to the optical density of all samples, however, 
to allow for the loss of sample (5%) during work-up. 

A typical sample was analyzed as follows: 


Sample 13: 0.1 M 4; sample size, 10 ml. 


Divaced ieee 50 Mal Of eee ace Greens 08525 
After subtracting blank 
correction O.D. = Koos O61, ee 0.465 


After adding correction 


for material loss O.D. 219 


Netaban thay imag Semen bee 


2,4-Dimethylpropiophenone 77: 
This compound was prepared by modifying the procedure of 
Nightingale and Cec orea 


Anhydrous A1LCl, powder (68 g) was added slowly, with stirring, 


é) 
to a cooled solution of propionyl chloride (46 g) in methylene 
chloride (100 ml). The clear solution so obtained was decanted from 
the small amount of residue and was added dropwise to an ice cold, 
stirred solution of m-xylene (60 g) in methylene chloride (100 ml). 
ALtEr naatdian was complete the solution was heated under reflux for 
a further 60 minutes and then poured slowly into ice water (500 ml). 
The organic layer was washed several times with dilute sodium 
hydroxide solution and then with water. The organic layer was dried 


over MgSO, and the solvent removed evaporatively. 


Distillation of the residue yielded 75 g (92%) of colourless 
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The NMR spectrum (cDC1,) showed absorptions at 12.43 (d, J = 
SOUZFOLH) a iz. DOCU bee2n) Ste 4a quartet ,BiIp= 7eHzy 2H) «17.51 Cs, 


3H), t7.7 (s, 3H), and 18.84 (triplet, J = 7 Hz, 3H). 


Selenium Dioxide Oxidation of 77: 


Selenous acid (2.6 g) was dissolved in dioxane (12 ml) stirred 
at 50 - 55°. 28 (2.25 g) was added and the mixture was stirred at 
reflux temperature for four hours. Most of the selenium was then 
filtered off and the solvent removed by distillation. Distillation 
of the residue yielded a mixture of product containing starting 
material and other selenium containing compounds. 

The NMR spectrum of the product showed absorptions at 178.84 
(triplet) and 17.14 (quartet) indicating the presence of starting 


material. 


Dimethyl-iso-nitrosopropiophenone 78: 

This compound was prepared according to a procedure described 
in the rereucene, To a 500 ml, three necked flask fitted with 
stirrer and reflux condenser was added a solution of 77 (32.4 g) in 
dry ether (150 ml). Dry HCl gas was passed into the stirred solution 
while freshly distilled iso-amyl nitrite (24 g) was added from a tap 
funnel at such a rate that the ether refluxed gently. Addition was 
complete after four hours; the solution was stirred for a further 30 
minutes and then allowed to stand overnight. The ether layer was 


then extracted with 10% NaOH solution (5 x 30 ml) and the combined 
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extracts were poured into a mixture of concentrated HCl (40 ml) and 
ice (60 g). The crude yellow material was recrystallized (toluene) 
tomyield 30.2 5¢ of white crystals (877), m.p: 104°— 1057, 

The NMR spectrum (CDC1.,) showed absorptions at T1.3 (D,,0 ex- 
changeable Miat2) ie-eoe (foratiemaronatic protons Pat O77 a(S), (17 4/2 
(s) and T7.9 (s) for the methyl groups. 

The mass spectrum showed a parent peak at 191 and major peaks 
at 174, 133 and 105 corresponding to loss of OH, CHC: NOH and CHC: 
NOH:CO, respectively. 

Calculated for C,H, 3N0.: G 669 209248 6.85, Nes 333 founds 
CrO9 oi OO. 9G. Ne 7.49. 

The IR spectrum (CHC1.,) showed major bands at 3240 (b), 2910 
(Semel OOUM(CS a torOmes ee L000 105) ql Go0e (bn 1300 mS eal 190m Cs): 


TU LOGGn) eo 70(S\)ito25 (Ss), 6/55 °(8), and) 740 (Ss) sire 


1-(2,4-Dimethylphenyl) propane-1,2-dione 75b: 


Hydrolysis of the oxime 78 was attempted using a procedure de- 
scribed in the cease ce aes Bins thn iSbari mioseas odentcuecewe ay 
(25 g) was added to 10% H,S0/, (250 e2)\econtaimed! inva one litre flask 
arranged for steam distillation. Distillation was continued until 
the residue was clear and colourless. The distillate (approximately 
four litres) was saturated with NaCl and extracted with ether until 
the extracts were colourless. The combined extracts were dried over 
MgSO, and solvent was removed. 


4 
The bright yellow oil so obtained deposited white crystals 
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which were found to be unchanged 78. These were filtered off and the 
yellow teileredistiileda(bdpyis5 =689° ati022%mm) te Thesyield was very 
town (32566) % 

The product, a bright yellow oil, solidified at -10°. 

The NMR spectrum (cDC1..) showed an AB system at 172.42 (J = 7 Hz) 
and 72.92; half of this system was partially obscured by the other 
aromatic proton at 12.86. The methyl absorptions appeared at T7.4/7, 
t/t eandet/ 204. 

Mass spectrum showed a parent peak at 176 and major peaks at 


133 and 105 corresponding to loss of CH.,CO and CHCO:CO, respectively. 


Reaction of 78 with Lead Tetraacetate: 


A procedure has been reported for the hydrolysis of oximes 
using the above Poneent ie it was decided to investigate this reaction 
using the compound 78. 

78 (3.6 g) dissolved in acetic acid (15 ml) was added to a 
stirred suspension of lead tetraacetate (2 g) in acetic acid (15 ml) 
at 70°. No nitrogen was evolved, the colour steadily darkened and no 


identifiable products could be obtained on work up. 


Reaction of 78 with Sodium Bisulphite: 


Sodium bisulphite (16 g) was added to a solution of 78 (1.9 g) 
dissolved in 50% aqueous ethanol (25 ml) and the mixture was heated 
under reflux for two hours. At this time only a trace of the start- 
ing material 78 could be detected by TLC on silica gel. The ethanol 


was distilled off and the residue diluted with water (25 ml); HCl 
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(50%) was then added to decompose the excess bisulphite reagent and 
the solution was extracted with methylene chloride (3 x 10 ml). After 
removal of solvent, the product 75b was redistilled under vacuum. The 


yield or fob was) Lee. (007). 


2-Hydroxy-2 ,5-dimethylindan-l-one 76b: 

Using the procedure of Bishop and Renee a solution of 75b 
(0.5 g) in hexane (500 ml) was irradiated in a one litre flask. The 
solution was stirred magnetically under an atmosphere of nitrogen 
and irradiation, carried out using a G.E. "Sunlamp", was continued 
until the yellow colour of the dione had faded. Solvent was removed 
at the rotary evaporator to yield a yellow oil which deposited white 
crystals when allowed to stand at -10° for several days. The m.p. 
after recrystallization from heptane was 84 - 85°. 

The NMR spectrum (CDC1.) showed absorptions at T2.29 and 2.80 
(AB system, J = 8 Hz) and 2.70 for the aromatic protons. Other ab- 
sorptions appeared at 16.8 (m), 17.66 (s) and 18.57 (s). The mass 
spectrum showed a parent peak at 176 and a major fragment at 158 
(P-H,0) . For C HoeOe calcula ceeds C= Js smh = OM Ol tL OUlC sr mmy eo OO 


ese es 
H 6.54. 


Energy Transfer Experiments Using 75b: 


The procedure used was the same as that employed in the ace- 
naphthylene studies. A mixture of 0.06 g of 75b and 0.1 g of 2 


(freshly sublimed) was made up to ca. 0.5 ml with dry benzene; the 
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sample was degassed by three freeze-thaw cycles at 5u and sealed. 
During the heating at 98° a green fluorescence was observed, presum- 
ably corresponding to emission from the diketone. 

The yield of product (/6b) was estimated by VPC on FFAP at 
190° using anisyl alcohol as internal standard. The instrument was 
calibrated by injecting mixtures of 76b and anisyl alcohol at known 


concentrations. Peak areas were measured using a planimeter. 


Thermolysis of 17 in CCl): 


A sample of pure, resublimed 17 (0.0312 g) dissolved in CCl, 
(0.5 ml) was degassed by four freeze-thaw cycles at 5u and sealed 
into a scrupulously cleaned pyrex ampoule. The ampoule was then 
placed in boiling water for 15 minutes; during this heating period 
the sample was observed to darken slightly. The sample was removed 
from the heating bath and allowed to stand at -10°; after several 
hours at this temperature the sample darkened appreciably and de- 
posited oily droplets. Analysis of this solution by VPC (FFAP 50 - 
110°) revealed that no acetone had been formed. TLC (silica gel 
plates eluted with ether/Skelly B 1:10) showed that a new compound, 


with a higher R, value than diketone 22, had been formed. 


Er 
The experiment was repeated using a larger sample of 17, (0.08 

g) in CCl, (1 ml); the reaction product was isolated by preparative 

TLC on silica gel using ether/Skelly B as eluent. The product, a 


yellow oil, showed spectral characteristics identical to those of 


l-acetyl-2-methylcyclopentane, 79. The semicarbazone derivative of 
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this compound was prepared, m.p. 220°, some decomposition at 214°; 
mixed m.p. with a sample of semicarbazone from authentic 79, 218 - 
220°, some decomposition at 215°. 

A blank experiment was carried out by heating a sample of di- 
ketone 22; (0.2 ¢) in one ml of CCl), (sample degassed as before) at 
100°. No darkening of the solution occurred and no new products 
could be detected by TLC. 

A sample of 22 (0.01 g) in CCl, (1 ml) was degassed and sealed 
into a quartz ampoule. The ampoule was irradiated using a 200 W 
medium pressure mercury lamp; after only 15 Bates the solution had 
darkened in colour and a dark brown flocculent precipitate was ob- 
served. Examination of the mixture by TLC as before showed the 


presence of a new compound with Re value the same as that of 79. 


l-Acety1-2-methyl cyclopentene 79: 


Diketone 22 (0.5 g) was stirred at 60 - 70° for 40 minutes in 
acetic acid (25 ml) containing one ml of concentrated sulphuric acid. 
The mixture was then poured into ice water (100 ml); the mixture was 
neutralized with sodium bicarbonate and extracted several times with 
methylene chloride. A yellow oil, containing crystals of unreacted 
22, was obtained after drying the sample over MgSO, and evaporative 
removal of solvent. The unsaturated ketone 79 was purified by column 
chromatography on silica gel using Skelly B/ethyl acetate 10:1 as 
eluent. 


The NMR spectrum (CDC1,) showed absorptions at 17.75 (s), 
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T7.85 (poorly resolved doublet) and broad absorptions at T7.1 - 7.7 


and T8.0 - 8.5. The UV spectrum (C ) showed A ax 245 nm, € ©V 1450 


612 
in good agreement with the assigned oregon The semicarbazone 
of this material was prepared and recrystallized from methanol, m.p. 


218 - 221°; reported m.p. 221° 98 


Thermolysis of 17 in Hydrocarbon Solvents: 


Samples of 17 for these experiments were recrystallized twice 
from iso-pentane prior to use. Solutions of 17 were sealed into 
glass ampoules after degassing by three freeze-thaw cycles at 5. 
Usually a blank experiment was run at the same time, substituting 
pure octane-1,/-dione 22 for the dioxetane. 

Samples were heated at V 100° for 15 minutes and then analyzed 
by VPC on an FFAP column using a variety of conditions. No acetone 
could be detected and the only peak observed was found to be that of 


diketone 22. 


Photolysis of Octane~-1,/-dione 22: 


Pure, resublimed 22 (0.15 g) was dissolved in spectrograde 
cyclohexane (1 ml) and the solution was sealed into an ampoule after 
degassing by the usual techniques. Samples prepared in this way were 
suspended a short distance from a 200 W medium pressure mercury lamp 
and photolyzed for periods of time from two - 72 hours. After ca. 12 
hours secondary photolysis appeared to occur extensively, but a fairly 
clean mixture was obtained after five hours. TLC analysis of this 


mixture on silica gel revealed that most of the starting material was 
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unchanged. VPC analysis of this mixture on FFAP revealed that a 
small amount of acetone had been formed. This was confirmed by mixed 


injection techniques using a variety of column conditions. 


Chemiluminescence Quantum Yields: 

Measurements were made using the same 10 cm cell with fused 
outer jacket described in the kinetics section. Samples were pre- 
pared by adding toluene solutions containing 1,2-dioxetanes (1 ml) 
to solutions of the fluorescer in toluene (10 ml). The solutions 
were mixed thoroughly and poured into the cell. The cell was placed 
in the instrument and readings at the fluorescence maximum of 450 
nm were taken, using 60 nm slitwidth, at one minute intervals until 


10 minutes had expired. 


Calibration of Spectrofluorometer: 

Luminol (0.18 g), prepared by the method of riecereas was 
dissolved in DMSO (dried over CaH) and the solution made up to 10 ml. 
One ml of this solution was dissolved in 100 ml of dry DMSO to pre- 
pare a Ome M solution. The optical density of this solution at 350 
nm was 0.775. Two ml of this solution was diluted to 100 ml and 
this solution (0.D., 0.015) was used immediately for the calibration 
experiments. 10 ml of this solution and one ml of a saturated solu- 
tion of potassium-t-butoxide in t-butyl alcohol were simultaneously 
injected through a septum into the cell of the spectrofluorometer. 

A plot of the light intensity reading at the emission maximum 484 


nee versus time was made; in this way the total light emitted was 
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recorded. This experiment was repeated several times and an average 
value for the integrated light output was obtained. 

Values obtained for the total integrated light output, as 
measured by a planimeter, were 6.2, 6.6, 6.0 and 5.8 square inches; 


where one square inch = 200 relative units. 
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